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Where You Train Is 
As Important As Your 

Decision To Train 
Electronics is a growing and 
expanding industry. That's 
why so many ambitious men 
are deciding to train for ca- 
reers in this exciting field. 
They recognize the opportu- 
nities to advance and pros- 
per. But, where a man trains 
and how the school of his 
choice teaches Electronics 

. how it encourages him to reach his goals and realize his 
nhitions ... is most important to his success. 
its is a fast changing world. A school offering Electronics 
.urses must keep pace. That's why NRI -with nearly 50 years 
specialized experience -now offers eight choices of training 
thin the one field of Electronics. Select the course of most 

Merest to you and receive the kind of home -study training that 
epares you for a specialized career. NRI's large staff of 
'ecialists is always on the job keeping course material up -to- 
tte ... helping you earn your way while training ... assisting 
to with job placement when ready. In short, whatever branch 
Electronics you select, NRI is qualified through 

towledge and experience to help you grow. 

'ECIAL TRAINING EQUIPMENT INCLUDED 
RI "learn by practice" 
ethod is the time -proved 
ay to learn easier, faster, 
Ater. Most NRI courses in- 
-ude-at no extra cost -spe- 
al training equipment to give 
top and laboratory experi- 
ice in your own home. All 
.juipment is yours to keep. 

Projects you build, experi- 
ents you perform, make 
RI lessons come to life. Complex subjects become interest - 
g, easy to grasp. Your first projects are measuring voltage 
Id current in circuits you build yourself. You use a Vacuum 
abe Voltmeter which you construct. Later on, you progress 
to more involved experiments. If you like working with your 

dnds, you'll enjoy learning Electronics with NRI. 
rIE PROVEN WAY TO BETTER PAY 
°st of all, NRI provides training right in your own home and 
your spare time. No time wasted getting to school. You fit 

Ludy hours to your own schedule. You go as fast or as slow 
you like. Check the training of most interest to you; cut out 

id mail the postage -free card now. Read about Electronics 
)portunities, NRI courses, the NRI trial plan, convenient 
rms. 

America's Oldest and Largest Radio -TV 

Electronics Home -Study School 

Pick the ELECTRONICS 

CAREER You Want 

2 

3 
4 
5 

6 
7 

8 
From basic arithmetic review to graphs and electronic 
formulas in one complete "short course" package of 
five carefully prepared texts. Quick, complete and low 
in cost. 

INDUSTRIAL ELECTRONICS 
Learn Principles, Practices, Maintenance of Electronic 
equipment used today in business, industry, defens... 
Covers Electronic controls and measurement, compu- 
ters, servos, telemetry, multiplexing, many other sub- 
jects. 

RADIO -TELEVISION SERVICING 
Learn to service and maintain AM -FM Radios, TV sets, 
Stereo Hi -fi, PA systems, etc. A profitable, interesting 
field for part -time or full -time business of your own. 

COMPLETE COMMUNICATIONS 
A comprehensive training course for men seeking ca- 
reers operating and maintaining transmitting equip- 
ment in Radio -TV Broadcasting or mobile, marine, 
aviation communications. Prepares you for FCC Li- 
cense. 

FCC LICENSE 
Prepares you quickly for First Class License exams. 
Every communications station must have one or more 
FCC -licensed operators. Also valuable for Service Tech- 
nicians. You train at home. 

MOBILE COMMUNICATIONS 
Training in installation and maintenance of mobile 
equipment and associated base stations like those used 
by fire and police, taxi companies, etc. Prepares you for 
First Class FCC License exams. 

MARINE COMMUNICATIONS 
Shipboard transmitting equipment, direction finders, 
depth indicators, radar are all covered in this course. 
You prepare for your First Class Radiotelephone Li- 
cense with Radar Endorsement. 

AVIATION COMMUNICATIONS 
For men who want careers working with and around 
planes. Covers direction finders, ranges, markers, loran, 
shoran, radar, landing systems, transmitters. Prepares 
you for FCC License exams. 

MATH FOR ELECTRONICS 

MAIL POSTAGE -FREE CARD NOW 
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crrimmrrnill 
take these boosters in this caddy /pak 

on every service call 

NEW BLONDER-TONGUE CADDY /PAK BOOSTS BOOSTER SALES 
TV Technicians - here's a bright new profit idea from 
Blonder-Tongue. Called the CADDY /PAK, it holds two 
indoor TV /FM boosters -one a transistor model, the 
other tubed - and fits easily in your tube caddy. The 

s boosters are: the new all-transistor, model IT -4 Quadra- 
` booster; and the industry's most reliable tubed model, 

the B -24c. 
This combination makes it easy for you to give your cus- 
tomer the right booster for any reception situation. 
Remember, transistor boosters provide higher gain and 
are more rugged, but they have one problem - overload 
(windshield wiper effect, loss or sync). If you use a tran- 
sistor booster in an area with one or more strong TV or 
FM signals - you may be buying too much booster. On 
the other hand, tubed boosters perform very well in 
these areas. 
With the Blonder- Tongue CADDY /PAK you can demon- 
strate both tubed and transistor models in a jiffy, by con- 

necting them to the terminals of the set. Either way your 
customer gets the finest indoor booster - a Blonder - 
Tongue. 
The CADDY /PAK fits in your tube caddy. It's imprinted 
with the profit- producing words - "WANT A SHARPER 
TV PICTURE? ASK ME." You can place it on the set you are 
servicing and let it sell for you. And it reminds you 
and all your technicians to mention boosters on every 
service call. 
You just can't help selling more - having more satisfied 
customers too - because they have the right booster. 
Today, see your Blonder- Tongue distributor and get de- 
tails on how you can get a free CADDY /PAK booster 
demo kit -the sure -fire approach to boosting booster sales. 

romww and alulahrfurw Oy 

BLONDER*TONGUE 
Il AWN St, AWN N. 2 N. J. 

Canadian Div.: Beeco Television Assoc.. Ltd., Tor., Ont. 
Export: Rocke In 1. Corp., N. Y. 16 - Cables ARLAB 

Rome TV Accessories UHF Converters Matter TV Systems CATV Systems CCTV Systems 
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ELECTRONICS WORLD is published monthly b_' ZIRflnvIs l'uldl%t ing Coln/1311V :t 43; South tV .tina.h .A. cuuc. Chicago 5, Illinois. Subscription rates: n r United Staten and p.,s.e .imt. 83.00: Canada and l'an American 
by 

countries $3..'11: all other foreign countries 811.IIb. Second Class postage paid at Chicago. Illinois and at additional mailing offices. Authorised a. second class mall by the Post traire Department. Ottawa. Canada and for payment of postage in rash, February 1963: vol. 9H. No. 2. 
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SPECIAL REPORT ON A HISTORIC EXPERIMENT WITH 

THE EARTH STATION AT ANDOVER, MAINE 

Scott®tuner used for Telstar tests.,, 
Bell System engineers wanted to test FM reception from the 
Telstar Satellite orbiting in outer space. They used the sensitive 

Scott 310 -D broadcast monitor tuner (rack mounted) for this 
unique experiment. FM signals were sent to Telstar where they 
were rebroadcast to the earth station for Communicating by 

Satellite at Andover, Maine. The Scott FM tuner was success- 

fully used on this project. 

Scott congratulates the Bell System on their spectacular 
achievement and is proud to be part of this historic project. 

The Scott 310 -D was a logical choice. Like all Scott tuners it 
offers exceptional sensitivity and selectivity. Scott pioneered 
Wide -Band FM circuitry. Scott engineers perfected "Time 
Switching" multiplex circuitry for high fidelity reception. Only 

Scott silver -plates FM front -ends for highest sensitivity. Scott 
invented the first foolproof FM Stereo signaling device - 
the Sonic Monitor *. 

350B FM Stereo Tuner 

If you want the very best FM 

Stereo reception choose the 
tuners selected by profes- 
sionals ... choose the tuner 
most FM stations use for moni- 
toring their own broadcasts 
off the air ... choose Scott, 
America's most reliable name 
in FM Stereo. 'Patent Pending 

These superb Scott FM Stereo Tuners are proud products of 
the same engineering laboratories that developed the 310 -D 
used in Telstar. 
f you seek perfection choose one of these superb Scott tuners: 

4310 Broadcast Monitor FM Stereo Tuner, $475'; 350B FM Stereo 
Tuner, $21995 *; 333 AM /Fly Stereo Tuner, $259.95 *; 370 FM 

Stereo Tuner, $169.95 *; LT -1'0 FM Stereo Tuner Kit, $159.95 *; 
340 FM Stereo Tuner /70 Watt Stereo Amplifier, $379.95 *; 355/208 
AM /FM Stereo/BC Watt Stereo Tuner Amplifier, $469.90 *. 

Here's how the "Telstar" experiment worked 

L FM signals were relayed from Bell Telephone System Telstar 
satellite orbiting The earth at 16,000 M.P.H. at heights varying 
from 500 to 3,000 nautical miles. 2. Signals were beamed to the 
"Earth Station for Communicating by Satellite" at Andover, 
Maine, where 3. a giant horr antenna 180 -feet long and 95 -feet 
high received the sigrals. 4. Installation of Scott 310 -D Broad- 

cast Monitor Tuner (Rack Mounted) at Andover, Maine. 

Write today for new :963 Hi- 
Fi Guide including complete 
details on Scott FM Stereo 
tuners and kits and complete 
"Telstar" report. 

0 SCOTT 
H. H. SCOTT Inc., III Powdered!' Rd. , Maynard, Mass. Dept 
Export: Mochan Exporting Corp .458 Broadway, H.Y.C. 

Canada: Atlas Radio Corp . 50 Wingold Ave., Toronto 

'Shghtty higher west of Rabin, sabjecl t change wilts this notice. 
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Digital Readouts Wolter H. Buchsbaum 33 
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Recent Developments in Electronics 36 
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Complete 
Colorgrams 
Service -Pak 
only 

SI 
i 

Designed 
By Leading 
Authorities 

Paul B. Zbar, 
head of elec- 
tronic dept. 

Voorhees 
Technical 

Institute, and 
Robert Cornell, 
former techni- 

cal editor of 
Electronic 

Technician 
Magazine. 

NEW CO 
amazing color -coded system pinpoints 

individual COLORGRAM CHARTS highlight specific TV receiver functions RAPID REPAIR !MANUAL 

B+ COLORGRAM GENERAL ELEC -RICIMÌI 
B+ DISTRIBUTION FOR HORIZONTAL COLORGRAM 
MULTIVIBRATOR a OUTPUT IN COLOR 

2 

3 

4 

Y /C210 
C2o9 1 G 4 

B+ BCC ST 
VI 

PIN 

8 - 

` I / ̂  \ 
= 180 

c9 ) \ L251 / R256 
R262 / R258 C25 C253T 

R255 

C256 

V12BO VI2A 
R254 

V13 

R264`í C26 

C2591/\ 
R263 

R259 

A10 

--;4C2 

-- 
¡ h 

R251C25â ' 

I I H I G I I ' , I 
B 

V12A 

84- BOOST 

©1962 

*Trademark registration pending 

NIN14441b, . fi 
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LORG.. RANi` 
hard -to -find components, conductors 

COLOR -KEYED 

CHASSIS: LW 

2 I 

A 

sN , 

Gf G -111 

_ B+ BOOST 

B+ 

GROUND 
CONDUCTOR 

MASTER SCHEMATIC all based on original TV manufacturers. data 

COLORGRAM Charts (see sample on left hand 
page) are the key to a remarkable new 
method designed to help you isolate TV re- 
ceiver difficulties in less time and with less 
effort than has ever before been possible. The 
COLORGRAM system simplifies the use of any 
repair procedure you normally use. 

EACH COLORGRAM CHART SHOWS 

SEPARATE CIRCUIT SECTIONS 

Each COLORGRAM Chart is clearly color -coded 
to show signal -flow and continuity as dis- 
tinctly as the color -marked route on a road 
map. Each COLORGRAM Chart shows test 
points and voltages. The entire ground con- 
ductor is shown in its own distinctive color 
throughout all the COLORGRAM Charts. Every 
component in the circuit is clearly identified, 
and its relationship to other components 
made readily recognizable. 
There is a COLORGRAM Chart (like the sample 
shown) for each of these TV receiver func- 
tions: IF, Video, Audio, Vertical and Hori- 
zontal, (showing sync and sweep circuits), 
B+ distribution and AGC circuitry. 

COLORGRAMS ISOLATE TROUBLE AREAS 

Each COLORGRAM Chart enables you to color - 
shoot with little or no reference to schematic 
or manual. If you have a video problem, refer 
to the Video COLORGRAM Chart -audio prob- 
lem, the Audio COLORGRAM. The circuit is 
conveniently color- coded, localized and iso- 
lated. Even when a signal leaves the board 
and then returns, components and signal 
path are clearly indicated. You can concen- 
trate on that small portion of the set most 
likely to be the cause of trouble. There's no 
time wasted working back and forth between 
schematic and set looking for test points - 
wading thru superfluous information -iden- 
tifying components incorrectly. 

SPEED PRINTED CIRCUIT SERVICING 

Where receivers use printed circuits, each 
COLORGRAM Chart represents the actual sig- 
nal conductor pattern of the specific PC 
board, exactly as you see it in the set. Color - 
coding helps you easily concentrate on the 
signal flow of interest. And each component 
is clearly located and identified. 

COLOR-KEYED MASTER SCHEMATIC 

IDENTIFIES COLORGRAM CHART AREAS 

Easy -to -read schematic, provides an overall 
view of the receiver circuit. Shows the Tuner, 
IF, Video, Audio, Vertical and Horizontal 
sections, color -keyed to the colors used in 
individual COLORGRAM Charts. Also includes 
test points, waveforms, voltage, resistance, 
capacitance, practical alignment data, etc. 

4. - - --. 
, - __J` - 

b 
s - 1 

RAPID -REPAIR MANUAL CONTAINS 

PRACTICAL SERVICE DATA 

This effective guide to the use of the COLOR - 

GRAM System contains original manufac- 
turer's service notes, special instructions, 
circuit modifications, parts list and parts 
numbers. Includes Pictorial Tube and Com- 
ponent Location Charts, Tube Failure Guide. 

COLORGRAMS can help you with your TV repair problems -ACT TODAY! 

MO 

NOW AVAILABLE 

TV Colorgram Service Paks For: 

* RCA * General Electric 
* Motorola' Admiral 
r Emerson * Philco * West- 

inghouse * Magnavox. Other 
popular makes and circuits to 
be announced soon. 

get the 
colorgram 

story 
use this coupon 

COLORGRAMS INC. 
Division of TVDevelopment Corp. 

469 JERICHO TURNPIKE 
MINEOLA, NEW YORK 

Please send me: 
( ) Free cross -referenced COLORGRAM catalog. 
( ) Name of nearest Colorgram distributors 

NAME 
(please print) 

COMPANY 

CITY ZONE STATE 

Please fill in this information. My occupation is: 
( ) TV technician ( ) Engineer ( ) Hobbyist ( ) Other 

CIRCLE NO. 108 ON READER SERVICE PAGE (please specify) 
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Captivating . . . thrilling . . . inspiring. 
The pure sound of Grommes. Hi- fidelity 
stereo that delights the senses. Superb 
custom components- modestly priced. 

mitmas, 
Model 101M FM multiplex stereo tuner...$139.95 
Model 36PG 40 watt stereo amplifier 

(pictured below ) ......................$129.95 
Write GROMMES 
Divisiol of Precision Electronics, Inc., 
91C1 King St., Franklin Park, Ill. 

sets the 
scene... 

CO MIN G 
NEXT MONTH 

Special 
Features 

Bionic Computers -Machines that Imitate the Brain -Will future computers be 
able to learn, reason, and think for themselves? By studying the human brain and 
nervous system and by imitating their operation, we are building electronic 
devices that come close to approximating "human" performance. 

Sound -Operated Fiber -Optic "Brain Cell " -Details on a practical application of 
"bionics" as represented by Sperry Gyroscope Company's "SCEPTRON," a spec- 
tral comparative pattern recognizer which identifies signals by their spectrum or 
frequency content. The unit can be exposed to any signal in the audio frequency 
range and will memorize it -it will then recognize that signal when it is repeated. 

ANTENNAS FOR BUSINESS RADIO 

Alost users, and even some engineers, do 
not fully appreciate how much the an- 
tenna contributes to the over -all per- 
formance of a two -way radio system. 
Howard H. Rice of Motorola Inc. has 
prepared a basic "handbook" of antenna 
types, outlining the advantages and dis- 
advantages of each and discussing instal- 
lation and maintenance procedures for 
maximum radiation. 

TURNTABLE TESTING AT HOME 

Edgar Villchur, president of Acoustic 
Research, Inc., details the most impor- 
tant characteristics which can be 
checked by the audiophile at home to de- 
termine the performance of his own 
turntable. The tests are relatively simple 
and the techniques involved produce re- 
sults that are just as valid as many lab 
measurements. Among the characteris- 
tics that can be checked in this way are 
speed drift, warp wow, arm inertia and 
pivot friction, tracking error, and the use 

of test records for determining flutter 
and rumble. 

SOLID -STATE 3- CHANNEL 

COLOR ORGAN 

A compact, well -designed display device 
that produces changes in color intensity 
and hue in step with musical signals. 
This transistorized unit can be con- 
nected to the output of any hi-fi ampli- 
fier and is capable of handling up to I 
kw. of light power. 

COLOR- PATTERN GENERATORS 

Curious about how an NTSC -bar or 
rainbow pattern are produced? Walter J. 
Cerveny, chief engineer for The Hickok 
Electrical Instrument Co., provides the 
answers on operation, applications, and 
points to consider before making the 
purchase of such an instrument. 

All these and many more interesting 
and informative articles will be yours in 
the March issue of ELECTRONICS 
WORLD ... on sale February 19th. 

ZIFF -DAVIS PUBLISHING 
William B. Ziff 
Chairman of the Board (¡946 -1953) 

William Ziff 
President 

W. Bradford Briggs 
Executive Vier President 

Hershel B. Sarbin 
Vice President and General Manager 

ti u 
Member 

Audit Bureau ai 
Circulations = J o 

cu Loi 

COMPANY 
M. T. Birmingham, Jr. 

Vice President and Treasurer 

Robert P. Breeding 
Ci,e,,lation Director 

Charles Housman 
Financial Vice President 

Stanley R. Greenfield 
!'ire President 

1111.11 II UF.I.I'I'1' 

Radio & TV News Radio News Radio- Electronic Engineering Trademarks Reg. U.S. Pat. OR. 

SUBSCRIPTION SERVICE: All subscription correspondence should be addressed to Electronics World. Or- 
satiation Department. 434 South Wabash Avenue. Chicago 5. Illinois. Please allow at least six weeks for 
change of address. Include your o'd address. as well as new- enclosing if possible an address label from 

a recent issue. 

EDITORIAL CONTRIBUTIONS must be accompanied by return postage and will be handled with reasonable 
care; hoss aver publisher assumes no responsibility for return or safety of art work. photographs. or 

manuscripts. 

6 ELECTRONICS WORLD 
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in your concerto? 
... then "bargain" recording tape's no bargain! 

No doubt about it! Something's wrong with record- 

ing tape that carries a bargain- basement price, an unknown 

name. They're sure signs the tape would flunk some or many 

of the more than 100 quality tests that "SCOTCH" BRAND Re- 

cording Tapes are required to pass to assure flawless sound. 

Coating and backing thicknesses of "SCOTCH" Recording 

Tapes, for example, are held to microscopic toler- 

ances- especially important in today's 4 -track 

stereo. This uniformity not only guards against 

crack -ups in sound, it assures wide dynamic 

range, identical full fidelity recording properties 
throughout every reel, reel after reel. 

High potency oxides used in "SCOTCH" Tapes 

permit thinner, more flexible coatings that make 

intimate head -to -tape contact a certainty for 

February, 1963 

maximum frequency response. Exclusive Silicone lubrication, 
impregnated throughout the oxide coating, ensures smooth 

tape travel. This completely dry lubricant protects recorder 

against head wear and actually extends tape life. For your 

recording and listening pleasure, step up to the tape profes- 

sionals prefer: "SCOTCH" BRAND. 

On SCOTCH' BRAND Recording Tape, 
you hear it crystal clear! 

CIRCLE NO. 131 ON READER 
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the new 1963 Master 
helps engineers, 

servicemen, buyers, 
hobbyists 

SISaves "shopping" and buying time - 
truly an electronics supermarket, describes 
and illustrates 185,000 products made by 
more than 300 manufacturers. You can pur- 
chase direct from its pages. 

Aids in selecting the best product - 
comparison of specs, features, prices of 
many makes of similar type products is 
simplified. 

Leads to extra service income - in 

addition to radio -TV products, The MASTER 

details thousands of products for profitable 
hi -fi. sound and industrial servicing. 4 Includes new servicing items - sub- 
miniature and printed circuit components, 
color TV and hi -fi test instruments. 

eGuides hams in selecting best equip- 
ment to get the most out of their hobby - 
shows latest SSB, mobile and CB gear. j Spells better kit building - contains 
thousands of useful items not contained 
In smaller, incomplete catalogs. 

itShort -cuts delivery time - products 
shown in The MASTER are available from 
local distributors - just a phone call away. '. 

Saves design time - the product 
you are looking for is illustrated and com- 
pletely described with specs and prices. 

Cuts production costs -widest selec- 
tion helps you locate standard items that 
meet requirements. Eliminates need to 
order a custom item. 

a' °Locates the product you want in 

seconds - 32 product sections thoroughly 
indexed make world's biggest electronic 

SSalso easiest to use. 

S3 Simplifies foreign tube substitutions - NEW Foreign Tube Interchangeability 
Guide cross-references virtually all foreign 
tubes to their American types. 

NEW 
1963 

EDITION 
1680 pages ... get your 
copy today from your 
distributor, only $8.95 

In CanaA., 54.95 

The Radio -Electronic MASTER 
645 Stewart Ave. Garden City, N. Y. 

CIRCLE NO. 139 ON READER SERVICE PAGE 
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... for the Record 
By W. A. STOCKLIN 

New CB Regulations 
IN our editorial `CB and the FCC" 

( July, 1962 issue) we discussed a 
new law involving the FCC which 
would apply to class D Citizens Band 
licensees. Basically, it concerned the for- 
feiture of licenses and the imposition of 
rather severe fines for violating operat- 
ing rules and regulations. We did feel, 
before further penalties were imposed, 
that the FCC should re- evaluate the 
problem and clarify, once and for all, 
proper CB operation and regulations. 

As a result of similar suggestions from 
many other sources, the FCC has finally 
prepared extensive amendments to Part 
19 of its Rules and Regulations as per- 
tains to the Citizens Band. We have just 
received a copy of the proposed amend- 
ments and regulations and find that not 
only have they clarified many of the pre- 
viously misinterpreted regulations, but 
they have spelled out in considerable 
detail just what is and what is not per- 
mitted in the Citizens Band. The pro- 
posed amendments are much too long 
to be reprinted here, but we would like 
to review some of the more important 
changes. 

1. Communications among units of 
different stations will be restricted 
to only five channels in the Citizens 
Band. These are channels 12 
(27.105 mc.), 13 (27.115 mc.), 
14 (27.125 mc.) , 15 (27.135 
mc.) , and 23 (27.255 mc.) . Com- 
munications among units of the 
same station will be permitted on 
all 23 channels. 

2. Except for communications be- 
tween units of the same station, 
there will be a 3- minute time limit 
on contacts between stations. After 
this 3- minute period, the stations 
must remain silent for at least 5 
minutes and monitor their fre- 
quencies before any further com- 
munications are made. 

3. Transmissions relating to the tech- 
nical performance or capabilities 
of the radio equipment will be for- 
bidden, except for brief tests not 
exceeding 1 minute during any 
5- minute period. This testing must 
not interfere with any communica- 
tions already in progress. 

4. Unincorporated associations will 
no longer be eligible for a station 
license, except if proof can be 
shown that a station license could 

not feasibly be issued to an indi- 
vidual member. 

5. The maximum power input per- 
mitted will remain at 5 watts, but 
maximum power output will now 
be restricted to 3.5 %watts. 

Other prohibitions include the trans- 
mission of material intended for enter- 
tainment purposes, for advertising, or 
promoting the sale of goods or services. 
Messages transmitted in codes, ciphers, 
or by speech scramblers will not be al- 
lowed. A licensee of a CB station who 
sells such equipment may not allow pros- 
pective customers to operate under his 
license. Communications over a distance 
of more than 150 miles is not allowed. 

There are, of course, a great number 
of other changes. Those listed above are, 
in essence, the major points of interest. 
Bear one thought in mind, that the FCC 
has again emphatically stated with re- 
spect to CB operation, "There has been 
no intention to permit the operation of 
radio solely for the amusement of the 
operator or as a hobby in or of itself." 

These new restrictions will, at least 
on the surface, seem to be quite rough 
on a good many users of Citizens Band 
equipment, particularly those who are 
trying to use the band for no useful 
purpose other than hobby activity. On 
the other hand, we feel that the FCC 
has been patient long enough, has been 
quite fair, and should be congratulated 
on a job well done. 

The most drastic change is the one 
confining communications between units 
of different stations to only five channels. 
It is in these cases that most of the 
"hamming" has occurred, and those in- 
dividuals who have found great enjoy- 
ment in this form of communications 
will, obviously, complain vehemently. 
This reaction is certainly unjust since 
we do have available many types of 
amateur radio licenses and amateur 
radio bands where this form of operation 
is not only permitted, but frankly en- 
couraged. 

There is a real need for the Citizens 
Band for private use as well as for busi- 
ness. Considering that we now have 
350,000 licensed users, all since 1958, 
and that there is limited radio spectrum 
space available, we should make every 
effort to use these channels wisely and 
in the spirit for which they were orig- 
inally intended. 
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The move into electronics is your decision. GRANTHAM 
SCHOOL OF ELECTRONICS makes your move easier... 

...easier by teaching you electronics in a logical, 
step -by -step manner, while preparing you to qualify 
for your First Class Commercial FCC License. This 

license is a "diploma" issued by the U. S. Govern- 
ment to certify qualified electronics technicians, and 
is awarded only to those who pass certain technical 
FCC examinations. We teach you electronics and 
prepare you to pass these FCC examinations. 

Grantham training is Specialized Training, en- 
dorsed and recommended by many electronics firms 
throughout the nation, and accredited by the Na- 
tional Home Study Council. We teach you the how 
and why of basic electronics, with the necessary 
math taught as an integral part of the lessons. The 

GRANTHAM 
SCHOOL OF ELECTRONICS 

course is thorough, easy to understand, and lays a 

solid foundation for all types of electronics work - 
communications electronics, military electronics, com- 
puter electronics, automation electronics, broadcast- 
ing electronics, and many more. 

The time required to prepare for your first class 

FCC license, an important step toward your goal, 
is cut to a minimum through quality instruction - 
either by home study or in resident classes. You 

learn more electronics in less time because the 
Grantham Method is engineered with the student 

in mind. Complete details concerning Grantham 
training are available free for the asking. Now, its 
up to you - it's your move! 

(Moil in envelope or poste on posto) cord) 36.8 

To: GRANTHAM SCHOOL OF ELECTRONICS 
NATIONAL HEADQUARTERS OFFICE 
1505 N. Western Ave., Hollywood 27, Calif. 

Gentlemen: 
Please send me your free booklet telling how I con get my corn. 

merciai F.C.C. license quickly. I understand there is no obligotion 
and no salesman will call, 

Accredited Member of the National Home Study Council 

1505 N. Western Ave. 408 Marion Street 3t23 Cillham Road 821 19th Street, N.W. 
Los Angeles 27, Calif. Seattle 4, Wash. Kansas City 9, Mo. Washington 6, D.C. 
(Phone: HO 7 -7727) (Phone: MA 2.7227) (Phone: JE 1-6320) (Phone: ST 3.3614) 

February, 1963 CIRCLE NO. 120 ON READER SERVICE 
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Ask yourself 
do you have the time to fool around 

drilling, sawing, filing ... trying to make 
a "Universal" replacement tuner fit in 

place of the original? Do you have all the 
expensive instruments and equipment to 
complete the alignment so essential after 
each tuner repair or replacement? Can you 
spare the time repairing and adjusting your 
own TV tuners and can you charge enough 
to justify the time spent? 

A Castle Overhaul eliminates 
every one of these problems. 

Castle replaces all defective parts (tubes 
and major parts are extra at net prices) 
and then aligns your tuner to the exact, 
original specifications. Simply send us 
your defective tuner complete; include 
tubes, shield cover and any damaged parts 
with model number and complaint. 

ALL MAKES ONE PRICE 

VHF TUNERS 

UHF TUNERS 

UV COMBINATIONS' 995 
'UVcombination tuner must be of one piece construc. 
lion. Separate UHF and VHF tuner with cord or gear 
drives must be dismantled and the defective unit 
sent in. 90 Day Warranty. 

Send for FREE Mailing Kit and complete details 

CASTLE 
TV TUNER SERVICE, INC. 

Check Map for the 
Castle Center Serving You. 

5717 N. WESTERN AVE.. CHICAGO 45. ILLINOIS 
653 PALISADE DR., CLIFFSIDE PARK. N.J. 
CANADA: 136 MAIN ST. TORONTO 13, ONTARIO 

Pioneers in L J TV Tuner Overhauling 

CIRCLE NO. 107 ON READER SERVICE PAGE 
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FROM OUR READERS 
TUBES FOR HI -Fl 

To the Editors: 
I have just read your editorial on tran- 

sistorized hi -fi equipment in the Decem- 
ber ELEc:TnoNtcs \1'oat.u. 

I think that you do a disservice to your 
readers by implying that transistors are 
inherently better than tubes. There is 
no reason why transistorized equipment, 
per .se, should have wider frequency re- 
sponse, better transient response, less 
phase shift, higher damping factor, or 
any other advantage which you discuss. 
Transistors can result in more compact 
and more efficient equipment -but these 
advantages have nothing to do with qual- 
ity of sound reproduction. 

The transistor amplifier sloes give the 
opportunity to dispense with the output 
transformer (although tubes also permit 
this with some added complications). 
This will ultimately result in a reduction 
of cost but some of the other attributed 
advantages are rather dubious. I think 
you will find that every engineer will 
agree that a transformer is a far more 
linear device than a transistor. Getting 
rid of the transformer does not auto- 
matically bring an improvement in qual- 
ity. On the contrary, the elimination of 
the transformer creates severe problems 
of impedance matching. d.c. off -set of the 
loudspeaker, and other disadvantages. 

In a few years, it should he practical 
to make transistorized equipment which 
can compete with tube equipment on 
the basis of quality and price. Which 
type will sound better cannot be pre- 
dicted at this point since nobody has 
sufficient knowledge of the relative con- 
tribution made by each of the many 
subtle factors which influence sound 
quality. Anybody %vho expects a major 
breakthrough in sound quality has been 
more exposed to copywriting than to 
laboratory efforts. 

DAVID H %FI.ER 

President, Dynaco, Inc. 
Philadelphia, Pa. 

0 0 0 

DYNA FM TUNER 
To the Editors: 

I found your lab report on the D,¡na 
l' \i tuner (F\1 -1) and multiplex adapter 
í F \IX -3) quite interesting and informa- 
tive. However, the figure given in the 
text for IHFM usable sensitivity does not 
agree with the value shown on your 
graph (page 24) . \ \'hich is correct? 

ROBERT SWEENEY 

Akron. Ohio 

Reader Sweevu'(t's eyes are much 
sharper than those of our printer. Al- 
though the page had the correct cut on 
it when we proofread the lab report, an 
incorrect cut acts inserted on the page 
just before it was printed. The correct 
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graph for tlw Dena tuner and adapter is 
.shown here. Note that the IHFAI usable 
sensitivity measured by Hirsch -Houck 
Laboratories is 5.7 microvolts and that 
the 0 -db audio output is 1.95 volts r.m.s. 
-Editors. 

0 0 

NON- DIRECTIONAL STEREO 
To the Editors: 

I was extremely disappointed in the 
article -Non- Directional Stereo Effects" 
by Charles J. Hirsch in your October 
issue. It seems to have been based on 
the argument that: "Stereo is better, 
therefore stereo is better." 

In a very scholarly way, \Ir. Hirsch 
has made several extremely poor com- 
parisons. For instance, he states that the 
major drawback of monophonic repro- 
duction is the cancellation of tones from 
two out -of -phase sources at the saine 
frequency. At the same time he states 
that two musicians cannot synchronize 
their instruments to the accuracy needed 
to sustain this cancellation. Normally 
there are several instruments in an or- 
chestra producing tones of nearly the 
same frequency Nvith random phase 
orientation. Any two of these tones may 
cancel momentarily, but for all to cancel 
simultaneously is highly improbable. 

On the basis of random phase relation- 
ships. and yar 'ing individual amplitudes. 
the resultant is normally a non -zero vari- 
able. Such a summation takes place at 
each ear continuously, whether the 
sounds come from a single speaker or 
multiple speakers. 

\ir. Hirsch also draws an invalid com- 
parison bch\rcn binaural listeoinC (with 
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See Only the Scale You Want... in the Exact Range You Want 

just set the range switch 

and the correct scale appears 
AUTOMATICALLY 

V O MATIC 360 
AUTOMATIC VOLT -OHM MILLIAMMETER 

WITH 
BURN -OUT PROOF 

METER 

in the new 

VOM and VTVM 

Greatly simplifies your VOM use. Individual full -size scale for each range -and 
only one scale visible at any one time, automatically. Once you set the range 
switch, it is impossible to read the wrong scale. Reading in the range you want is 
amazingly easy -and direct. No reading difficulties, no multiplying, no errors. 
Sensitivity 20,000 ohms per volt DC; 5000 ohms per volt AC. Accuracy ±3 %a DC; ±5 %a AC; 
(full scale). DC Volts in 6 ranges 0 -6000. AC Volts in 6 ranges 0 -6000. AF (Output) in 4 ranges 
0 -300 volts. DC Current in 5 ranges 0 -10 amps. Resistance in 4 ranges 0 -100 megohms. 
Supplemental ranges also provided on external overlay meter scales. Meter protected 
against extreme overload and burn -out. Polarity reversing switch. Automatic ohms -adjust 
control. Mirrored scale. Complete with 11/2-volt and 9 -volt batteries, test leads. 
and easy -viewing stand. Net, $5995 

DYNAMATIC 375 
AUTOMATIC VACUUM -TUBE VOLTMETER 

Once you set the range switch, you automatically see only the scale you 
want and read the exact answer directly. Saves time, eliminates calcula- 
tion, avoids errors. Individual full -size direct -reading scale for each range. 
Simplifies true reading of peak -to -peak voltages of complex wave forms in 
video, sync and deflection circuits, pulse circuits, radar systems, etc. 
Includes DC current ranges, too. 

Accuracy ±3 %a full scale AC and DC. Sensitive 100 microampere meter movement. 
DC Volts in 7 ranges 0.1500. AC Volts (rms) in 7 ranges 0 -1500. AC Volts (peak -to- 
peak) in 7 ranges 0 -1500. DC Current in 3 ranges 0-500 ma. Ohms in 7 ranges 0 -1000 
megohms. Utilizes single DA -AC ohms probe and anti -parallax mirror. Swivel stand 
converts to carry -handle. Includes 11/2 volt battery. 
Operates on 117 volts 50 -60 cycle AC. Net, $8995 

Ask Your B &K Distributor 
for Demonstration, or 

Write for Catalog AP2O-N 

Fnl.r....rv 70:.1 

B& K MANUFACTURING CO. 
Division of DYNASCAN CO.''32 Y' 

1801 W. BELLE PLAINE AVE. CH1:.A37 13, ILL. 
Canada: Atlas Radio Corp., 50 Wingold, Toronto 19, Ont. 
Export: Empire Exporters, 253 Broadway, New (ark 7, U.S.A. 
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\WIA Nn6 ffinatool* 
But 

(_Aot in Liliteftif 110° yokes 

* A tendency to return to its original form. 

Picture shrinkage and distortion 
so prevalent in 110° deflection systems, 
is generally caused by excessive heat, 
which expands and contracts the windings 
of a deflection yoke MERIT solved 
this problem "once and for all" 

MERIT laboratories developed an 
immersion process so efficient,that the 
yoke coils are locked in their prescribed 
forms permanently. 

Dort take our word for it! One trial 
will convince you. 

See your MERIT distributor. 

MERIT 
COIL and TRANSFORMER CORPORATION 

ÓNsslt f.aza d{oCiywooá, fo ida 
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earphones) and stereo listening. He 
claims that "stereo suffers appreciably 
fewer annulments of tones and creates 
appreciably fewer beats." The first part 
of this statement may be true, since 
doubling the number of speakers doubles 
the number of random phase vectors, 
but this is equally true of two speakers 
for monaural sound. The latter part is 
manifestly not true. The beat notes are 
clue to non -linearity of the human ear, 
and any two signals at sufficient ampli- 
tude and different frequency will pro- 
duce a beat note. Both of these signals 
may be on the sanie channel (L or R), 
is which case there is no advantage over 
monaural listening. However, one may 
be on one channel and one on the other. 
In this case there is a slight advantage 
(2 to 3 db) in the beat amplitude clue 
to the attenuation of the R channel in 
reaching the left ear and the L channel 
in reaching the right ear. Under normal 
stereo listening conditions, the opposite 
channel attenuation will not exceed this 
amount. 

A further indication of the prejudice 
displayed is in the conduct of the "field 
tests," in which the listener was allowed 
to select the form of reproduction him- 
self, as well as evaluate the quality. Such 
a test, in an area such as this where the 
differences included are at the limit of 
detection, is completely worthless. Only 
a slight pre -bias to,vards stereo (and 
everyone knows that stereo sounds bet- 
ter!) %vould end in overwhelming results 
toward the stereo reproduction. The 
only way to evaluate these small differ- 
ences is to have the listener select the 
type of reproduction he likes best with- 
out knowing which type it is. 

I found the article stimulating and 
full of new ways of stating well -known 
facts, but I consider that the conclusions 
reached were established a priori. and 
the argument filled in to that end. A 
large portion of the discussion is valid 
with respect to differences between bi- 
naural channels, but is invalid with re- 
spect to occurrences within a g;ven 
channel (L to H ) , and is not valid for 
stereo to the extent that stereo is no( 
binaural. 

LT. Cann. ROBERT IRVING, U. S. Navy 
Engineering Duty (Electronics) 

O O O 

SILICON RECTIFIER CHECKER 

To the Editors: 
The article "Silicon Rectifier Checker" 

appearing on page 98 of the November. 
1962 issue of EI.Ec.TtioxIs WORLD was 
taken from a "Tech -Tip" I wrote. Unfor- 
tunately, the parts list contained an error 
in two resistor values. R4 and R5 should 
each be 14 ohms instead of the 10 -ohm 
value indicated. 

K. H. SULKER 
Technical Products Manager 
Westinghouse Electric Corp. 
Youngswood, Penna. 
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Please use the coupon at the bottom of this page to obtain more in- 
formation about products advertised in this issue. 
Simply circle the number on the coupon that corresponds to the 
number at the bottom of the advertisement in which you are inter- 
ested. 

Additional information on items mentioned in "New Products & Lit- 
erature" can also be obtained by following this same procedure. 

PRINT your name and address on the coupon and mail it to: 

ELECTRONICS WORLD 
P.O. BOX 7842 

PHILADELPHIA 1, PA. 

ELECTRONICS WORLD 
P.O. BOX 7842 
PHILADELPHIA 1, PA. 

TOTAL NUMBER 
OF REQUESTS 

N Void After 
Feb. 28, 1963 

2 

Please send me additional information concerning the products of the advertisers 
whose code numbers I have circled. 

100 101 102 103 104 105 106 107 108 109 110 111 112 113 114 115 116 117 118 119 

120 121 122 123 124 125 126 127 128 129 130 131 132 133 134 135 136 137 138 139 

140 141 142 143 144 145 146 147 148 149 150 151 152 153 154 155 156 157 158 159 

160 161 162 163 164 165 166 167 168 169 170 171 172 173 174 175 176 177 178 179 

NEW PRODUCTS & LITERATURE 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 

17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 

39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60 

(Key numbers for advertised products also appear in Advertisers Index) 
NAME 

ADDRESS 

CITY ZONE STATE 
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-1l'1)IO PRODUCTS TESTED BY HIRSCH- HOI'CK LABS 

H. H. Scott Model 340 Integrated Tuner -Amplifier 
Don Bosco PHD -100 Universal Signal- Tracer Lab Set (page 20) 
Citroen Model 660 Tape Recorder (page 96) 

H. H. Scott Model 340 Integrated Tuner -Amplifier 
For copy of manufacturers brochure, circle No. 58 on coupon (page 13). 

THE E Scott 340 is a complete stereo 
tuner -amplifier on one chassis. It 

has an FM stereo tuner, essentially simi- 
lar to the company's Model 350, plus a 
60 -watt stereo amplifier and preampli- 
fier. 

The tuner has a cascode r.f. amplifier, 
pentode mixer and triode oscillator, two 
i.f. amplifiers, a limiter, and a wide -band 
ratio detector. The multiplex decoder 
uses switching circuitry. A unique fea- 
ture is the "Sonic Monitor" for identify- 
ing stereo broadcasts. When the "Sonic 
Monitor" switch is placed in the "Moni- 
tor" position, the 38 -kc. oscillator in the 
multiplex decoder is detuned a few hun- 
dred cycles. Its output is combined with 
the 19 -kc. received pilot carrier in the 
diode detector. The second harmonic of 
the 19 -kc. carrier, generated in the di- 
ode, beats with the internal oscillator to 
produce an audible tone in the speakers. 
If no pilot carrier is present, only a slight 
rushing sound is heard. 

The "Sonic Monitor" is not automatic 
--there is no indication on a stereo 
broadcast when it is in its "Listen" posi- 
tion. However, it sloes offer one real ad- 
vantage over ordinary visual signal in- 
dicators. When the tuning dial is ad- 
justed for loudest and clearest audio 
tone, the best stereo separation is ob- 
tained. In general, stereo tuners do not 
give their optimum separation when 
tuned for maximum signal level, but 
until now there has not been any con- 

venient means for the user to optimize 
his tuning. With the "Sonic Monitor ", 
we found that the tuner -amplifier could 
be tuned by ear to obtain the best sepa- 
ration of which the unit was capable. 

The amplifier is rated at 30 watts per 
channel (music power), using a pair of 

m 
9 
w 
N 
z 
o 

a 
w 
R 

7.391 output tubes in each channel. 
There are inputs for high - and low -level 
magnetic cartridges, plus a tape head. A 
front -panel switch selects the appropri- 
ate equalization for record or tape listen- 
ing. The input selector has positions for 
phono (or tape) , FM mono, FM stereo, 
plus an extra high -level input. There is 
a switchable sub -channel filter which re- 
duces noise in stereo reception, at some 
loss of separation. There are the usual 
bass and treble tone controls, separate 
for each channel. The volume control 
can be loudness compensated by a slide 
switch, boosting the bass response at the 
lower volume settings. There is also a 
tape monitor switch, for listening to tape 
recordings off the tape as they are being 
made. A scratch filter is effective on all 
inputs. 

The stereo selector switch is excep- 
tionally flexible. In addition to normal 
stereo and reversed- channel stereo, it has 
"Bal. Left" and `Bal. Right" positions, 
in which both channels are combined 
and fed to only one speaker at a time. 
These positions are used with the bal- 
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I.Others 
don't have 

this. 

2. Others 
don't have 

this. 3. Others 
can't have 

this. 

Three points of superiority of the Fisher KX -200 StrataKit 
over all other single- chassis stereo control -amplifier kits: 

1. Built -In d'Arsonval Meter. For easy, 
positive adjustment of bias and balance - 
with laboratory accuracy. Assures peak 
performance from the start; permits 
'touching up' for continued peak perform- 
ance throughout the years, regardless of 
tube aging. No other single- chassis con- 
trol- amplifier kit has this vital feature. 
2. Third -Speaker Output with Volume Con- 
trol. Blends the two stereo channel outputs 
to feed a third loudspeaker system -at any 
desired volume level. Ideal for center -chan- 
nel stereo fill -in or for a mono extension 
speaker in another room. Another Fisher 
exclusive among control -amplifier kits. 
3. The Fisher Name. The inimitable Fisher 
exclusive. Your guarantee of a head start 
in kit building - before you even pick up 
your screwdriver. 
And there is something under the chassis, 
too, that others don't have: StrataKit con- 
struction- assembly by totally error -proof 

February, 1963 

stages (strata). Each stage corresponds to 
a separate fold -out page in the instruction 
manual. Each stage is built from a separate 
transparent packet of parts (StrataPack). 
Major components come already mounted 
on the extra - heavy -gauge steel chassis. 
Wires are pre -cut for every stage - which 
means every page. Result: Absolutely equal 
success by the experienced kit builder or 
the completely unskilled novice! 
The KX -200 has a power output of 80 watts 
(IHFM Standard) - 40 watts per channel. 
Harmonic distortion at rated output is 
0.4 %. The architectural brass -finish con- 
trol panel is styled to match all other 
Fisher -built components. Price $169.50 *. 
The KX -100 StrataKit, an advanced 50 -watt 
stereo control -amplifier kit with center -channel 
speaker output, $129.50. 
The KM -60 StrataKit, world's most sensitive FM 
Stereo Multiplex wide -band tuner available in kit form, $169.50. 
The KS -1 3 -way speaker kit, only Slim -Line loud- speaker system available in kit form, $59.50'. 

FREE! $1.00 VALUE! The Kit 
Builder's Manual: a new, 
illustrated guide to high - 
fidelity kit construction. 

FISHER RADIO CORPORATION 
21 -38 44th Drive 
Long Island City 1, N. Y. 

Please send me without charge The Kit 
Builder's Manual, complete with detailed in- 
formation on all Fisher StrataKits. 

The 
Klt Sullderll 

Malwal 

Name 

Address 

City Zone State 

07211 

THE FISHER 
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Checklist for buying 
a full -power CB 2 -way radio 

look for these features: 

n TRANSMITTER POWER - For 
longest transmission range possible, 

choose a 5 watt unit, the maximum author- 
ized power input for Clcss D CB radios. 

I n SENSITIVITY -A greater sensitivity 
I rating indicates a better ability to 
reproduce weak signals. Look for a sen- 
sitivity rating below 1 microvolt to capture 
signals transmitted many miles away. 

SELECTIVITY -A radio's ability to 
reject interference from channels not 

tuned in, is largely determined by the 
type of circuit used: superregenerative, 
superheterodyne or dual- conversion 
superheterodyne. The latter circuit, the 
dual- conversion superheterodyne, is ac- 
knowledged by experts to be the best cir- 
cuitry for clearest reception. Says Len 

Buckwalter, noted communications author, 
in Electronics Illustrated May 1962. ".. . 

Look for the dual- conversion feature if you 
wish to get top receiver performance." 

CRYSTAL- CONTROLLED CHAN- 
NELS -Fixed crystal controls assure 

accurate, fast communications contact. 
They enable users to switch quickly from 
one channel to another to contact differ- 
ent persons, to find a channel that isn't 
busy. It is best to choose a CB unit with 
multiple crystal -controlled channels for an 
efficient, flexible 2 -way radio system. 

I I 

POWER SUPPLY -A power supply 
should be an integrated part of a CB 

radio. Since full -power CB radios are most 
often used in vehicles and base stations, 
a CB radio's power supply should be able 

4' 
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Cadre `510' 

to operate from both 12 -volt auto battery 
and 110 -volt AC line. 

AUTOMATIC SQUELCH - This 

automatically eliminates annoying 
background noise when o CB radio is on 
'standby' (not transmitting and ready to 
receive any rodio calls). Thus, hisses, 
crackles and other noises can't distract 
workers, drivers, etc. 

EiAUTOMATIC NOISE LIMITER - 
An effective automatic noise limiter 

Is necessary, especially in heavily popu- 
lated areas, to shut out extraneous inter- 
ferences such os ignition noise. Makes 
messages more intelligible. 

RELIABILITY - CB radios must 
withstand vibration and shock which 

occurs during mobile use. Solid -state com- 
ponents- transistors and diodes -are less 

susceptible to damage than fragile tubes. 

PORTABILITY - Some full -power 
CB radios may be used in the field 

as portable units when equipped with a 
portable case -battery accessory. These 
units are generally lightweight, compactly 
designed and offer greater operating 
flexibility. 

n INSTALLATION - Compact CB 
radios with simple mounting provi- 

sions don't steal leg room in vehicles, lower 
installation and maintenance costs. 
Cadre Industries hos two 5 -watt models 
that rate high in every category. Each is 

supplied with a press -to -talk microphone, 
set of matched channel crystals, universal 
mounting bracket and AC & DC cords. 

All- Transistor, 5 -Watt, 5- Channel, 
plus all- channel manual Tuner, $199.95 

Cadre `515' 
All- Transistor, 5 -Watt, 
5- Channel, $187.50 

See your Cadre distributor for a demonstration, or for more details, write: CAD.- E INDUSTRIES CORK O COMMERCIAL PRODUCTS DIVISION O ENDICOTT, NEW YORK O AREA CODE 607. 7483373 

Canada: Tri.Tel Assoc.. Ltd.. in Sneppard Ave.West. WillowdI., Ont. Export: Mornan E.port.ng Corp . 485 Broadway. New York 13. N. Y. 

CIRCLE NO. 106 ON READER SERVICE PAGE 
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ante control to adjust the relative chan- 
nel volmes. There are also positions in 
%vhich either right or left channel is fed 
to both amplifier channels and speakers, 
and one in xvhich the outputs of a stereo 
cartridge are paralleled for playing 
mono records. 

In our lab measurements, the IHF \I 
usable sensitivity of the F \l tuner was 
:3.6 Av. At 1007 modulation, the distor- 
tion of the tuner was 1.44, increasing 
somewhat at very high signal -input 
levels. The stereo performance of the 
tuner was excellent, %with channel sepa- 
ration of 30 to :35 db at lower frequencies 
and better than 20 db all the way up to 
8 ke. As mentioned before, these figures 
are typical of those obtainable by the 
user, because of the 'Sonic Monitor." 

The tuner had very low drift ( there is 
no a.f.c.). a capture ratio of 5 clb, and 
extremely low hum ( -- 65 db referred to 
100q modulation) . 

The amplifier had excellent frequency 
response and equalization characteris- 
tics, being within y 1.5 db of the ideal 
response from 20 to 20,000 cps. The 
scratch filter was mild in its action. but 
nevertheless quite effective. The power 
amplifiers exceeded the manufacturer's 
specifications handily, developing over 
:30 watts per channel in continuous oper- 
ation ( with both channels driven) at 2q 
IM distortion. :\t outputs under 10 
watts, the I\I distortion Ivan a fraction 
of a per -cent. The power response was 
quite uniform over the entire range, with 
full output obtainable: at 17 or 27 har- 
monic distortion. At 0.37 distortion, the 
output below .0 cps was limited. Hum 
levels were low, about 70 db to - 80 
db on the "Extra" input and 64 db on 
"Phono," referred to 10 watts. The am- 
plifier Was stable under any capacitive 
or resistive load we could apply. 

The :340 operated as nicely as it meas- 
ured, delivering top quality sound from 
both tuner and phono inputs. \\'e did 
feel that the switching system for the 
F \I stereo and -'Sonic Monitor" sections 
was undesirably complex. For example, 
the "Sonic Monitor' switch must be set 
to "Nionitor" to tune in a stereo broad- 
cast, and returned to "Listen" to hear 
the program. The input selector must be 
set to "FM MPX" to make this circuit 
operative. Finally, there is an a.g.c. 
switch which must be in "Mono" for the 
tuning meter to operate, :aid should be 
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DESIGNED FOR COLOR T 

WINEGARD 

COLORTRON ANTENNAS 
4 gold anodized models from $2495 

--1--.. 

"Pot. Nos. U.S. 2,700,105; 2,955,289 (amid(' 511,984 Others Pending. 

AVAILABLE WITH REVOLUTIONARY 
NUVISTOR COLORTRON AMPLIFIER... 

Now, through continuous Winegard research, a new, im- 
proved Electro -Lens yagi has been developed -the NEW 

WINEGARD COLORTRON- PERFECT ANTENNA FOR COLOR TV! 
Colortrons have a flat frequency response (plus or minus 

1/Z DB across any 6 MC channel), no "suck- outs" or "roll -off" 
on end of bands ... accurate 300 ohm match (VSWR 1.5 to 
I or better) ... unilobe directivity for maximum ghost and 
interference rejection. They deliver today's finest color recep- 
tion, give a new picture quality to black and white. Colortrons 
are the only outside antennas that carry a WRITTEN FACTORY 

GUARANTEE OF PERFORMANCE. 

And Colortrons are built to last. High tensile aluminum 
tubing for rigidity and stability, insulators with triple mois- 
ture barrier, GOLD ANODIZED for complete corrosion- proofing. 

There are 4 Colortron models to cover every reception need, 
from suburbs to distant fringe areas ... $24.95 to $64.95 list. 

New Winegard Colortron r; in- nuvistor amplifier perfectly 
matches Colortron antennas. Gives added gain and sensitivity 
on both color and black and white. Ultra -low noise, high 

World's most Dowerlul TV antenna 

MODEL C -44 

GOLD ANODIZED $64.95 

gain Colortron Nuvistor Amplifier can easily drive 6 or more 
TV sets. 

With revolutionary twin -nuvistor circuit, Colortron ampli- 
fiers can handle up to 400,000 micro -volts of signal without 
overloading. This is 20 times better than any single transistor 
amplifier. The Colortron Amplifier will bring the weakest 
signals up out of the snow, yet strong local TV & FM signals 
will not overload it. A special life saver circuit gives the two 
nuvistors a life of 5 to 8 years. 

This amplifier is completely trouble free and the finest 
performing antenna amplifier you can own. 

Completely weather sealed, nothing is exposed to corrode 
and cause trouble ... has all AC power supply with 2 set 

coupler. (Model No. AP -220N, $39.95 list). Twin transistor 
model also available up to 80,000 micro -volts input. Nett type 
circuit protects transistor from static electricity built up in 

lightning flashes. (Model No. AP -220T, $39.95 list). 
Colortron Amplifier can be added to any good TV antenna 

for sharper. clearer TV reception. 
Ask your distributor or write for technical bulletin. 

r 
- 

MODEL C -43 

GOLD ANODIZED $51.90 

MODEL C -42 

GOLD ANODIZED $34.95 

MODEL C-41 

GOLD ANODIZED 524.95 

There's an extra bonus of quality and performance in every Winegard product. 
3003-2 Kirkwood o Burlington. Iowa 
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D e 
CHECK 

YOUR FUTURE 
in the broad range of 

ELECTRONIC 

ENGINEERING 

TECHNOLOGY 
Associate of Science Degree 

College level 24- months course 

S PROFESSIONAL STATUS 
g TOP -LEVEL ASSOCIATES 
g STIMULATING ASSIGNMENTS 
g EXPANDING HORIZONS 
g AEROSPACE OPPORTUNITIES 
Edf HIGH SALARIES... ADVANCEMENT 

TELSTAR satellite - "a package of electronics" 
-is the most recent achievement of electronic 
application in the aerospace age. Electronic 
Engineering Technology opens career opportu- 
nities in virtually every type of activity: com- 
munications, computers, radar, aviational and 
navigational aids, industrial controls, guided 
missiles -the list is endless. The demand for 
trained Electronic Technologists is growing. 
Grow with it. World- famous Embry -Riddle is an 
institution built around a tradition of achieve- 
ment. Small classes. Personalized training. 
Accelerated instruction -three 15 -week trimes- 
ters per calendar year. Mail the coupon and 
get full information ... NOW. 

An Institution 
of Higher Education 
Founded, 1926. 

r Embry Riddle , 
A E I 7 U N A U T I C A L I N S T I T U T E 

DIRECTOR OF ADMISSIONS 
Embry -Riddle Aeronautical Institute 
Aviation Building, Miami 52, Florida 

Print Name 

Address Age 

City State 

o Electronic Engineering Technology 
Executive Pilot- Bachelor of Science Degree 
Business Pilot- B.B.A. Degree 
All Other Flight Courses 
Aeronautical Engineering -B.S. Degree 
Aircraft Maint. Engr. -B.S. Degree 
Aircraft Maint. Engineering Technology, 
Aeronautical Engineering Technology 

L MAI LTNIS COUPON TODAY J 
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in "MPX" when listening to stereo broad- 
casts. We could not detect any improve- 
ment in stereo broadcast noise levels 
when using it, however. It would be 
much more convenient if the "Sonic 
Monitor" function could have been in- 
cluded as an extra position on the input 

selector switch, which would make its 
use a simple one- handed operation. 

Apart from these minor criticisms, the 
Scott 340 must certainly be classed as 
one of the finest integrated stereo tuner - 
amplifiers we have tested. It sells for 
$379.95, less case. 

Don Bosco PHD -100 Universal Signal- Tracer Lab Set 
For copy of rnunufaetncr's hrocln,re, circle No. 59 on coupon (page 1.5). 

THE PHD -100, manufactured by 
Don Bosco Electronics, Inc., is a 

novel signal- tracing instrument. Incor- 
porating the company's "Stethotracer" 
and additional accessories, the set should 
prove very useful as a laboratory and 
field tool, as well as for radio and TV 
servicing. The "Stethotracer" resembles 
a fountain pen in size and shape, and 
contains a tiny 3- transistor amplifier and 
a 1.5 -volt battery. The clip serves as a 
power switch, turning the unit on when 
it is pushed toward the tip of the "pen." 

The amplifier output appears at a 
miniature connector on the side of the 
case, into which plugs a three -foot cord. 
The other end can be plugged into a 
small earphone, or a twin banana -plug 
adapter for connecting to a v.t.v.m. or 
oscilloscope. The input of the amplifier 
accepts any of several interchangeable 
heads, which extend the usefulness of 
the "Stethotracer" into many areas. The 
basic attachments include three prod 
tips, having 0 -db, 20 -db, and 40 -db at- 
tenuation. A fourth prod has a built -in 
diode, and is used as an r.f. detector. 

There are five additional screw -on 
heads for special applications. One has 
a standard phone jack, into which the 

output of a phono cartridge or tape head 
may be plugged. Another contains a 93- 
mil track width magnetic tape head, 
which can be held against a moving 
magnetic tape or sheet, allowing the pro- 
gram to be heard without additional 
amplification. This can be used to study 
magnetic recording behavior. There is 
a dynamic microphone head, covering 
speech frequencies, and a vibration pick- 
up operating from 200 cps to beyond 
audibility. Finally, there is a gold -plated 
microwave demodulator head, covering 
from 300 mc. to 10,000 mc. The entire 
set comes in a handsome, fitted case, 
measuring x 731" x 13r. 

We measured the electrical perform- 
ance of the "Stethotracer" by driving it 
from an audio generator and measuring 
its frequency response and distortion. 
This was done with the output adapter 
connected to an oscilloscope and v.t.v.m. 

Frequency response was within ±3 
db from 250 cps to 100,000 cps, falling 
steeply outside these limits. Mid -fre- 
quency voltage gain was 800. Since the 
input impedance is much higher than 
the output impedance, the actual power 
gain is much higher. The nominal out- 
put impedance is 600 ohms. The input 
impedance at 1000 cps was 4000 ohms 
direct, 50,000 ohms through the 20 -db 
head, and 330,000 ohms through the 
40 -db head. Through the r.f. head it was 
50,000 ohms. 

The "Stethotracer" is rated to deliver 
0.176 v. (r.m.s.) output. At 0.1 volt the 
harmonic distortion was 4.5 %, rising to 
6% at 0.2 volt. The residual noise level 
in the output was 3.5 millivolts measured 
with the input open -circuited. The meas- 
ured attenuations of the 20 -db and 40 -db 
heads (which are not intended as pre- 
cision attenuators) were 16.8 db and 
44.3 db respectively. 

We used the lab set under a variety 
of conditions, and were impressed by 

(Continued on page 96) 

100 500 KC. 5KC. IOKC. 
FREQUENCY -CPS 
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50 KC. OOKC 
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Two outstanding products by the HIDDEN 6 
C 

1 SPRAGUE 
.05 MFD.±10% 

I600V0C 

DIFILM 

01111M 

who plan for your future: 

BLACK BEAUTY 

molded tubular CAPACITORS 

gi;m? 
ORANGE DROP® 

dipped tubular CAPACITORS 

TWO GREAT TUBULARS . . . TAKE YOUR CHOICE! 

(± 10';; Capacitance Tolerance is standard at no extra cost) 

Sprague Difilm Capacitors can't be beat! Dual- dielectric con- 
struction combines the best features of both Mylar' polyester film 
and special capacitor tissue. And for additional reliability, Difilm 
capacitors are impregnated with Sprague's HCX " , a solid impreg- 
nant which produces a rock -hard capacitor section- there's no wax 
to drip. no oil to leak! 

BLACK BEAUTY Molded Tubulars are actually low -cost versions of 
the famous Sprague high -reliability capacitors used in modern 
military missiles. They're engineered to withstand 105 °C (221 °F) 
temperatures ... even in the most humid climates! And their tough, 
molded phenolic cases can't be damaged in handling or soldering. 

ORANGE DROP Dipped Tubulars are the perfect replacement for 
radial -lead capacitors now used by leading manufacturers of TV 
sets. Leads are crimped for neat mounting on printed wiring boards. 
Extremely small in size, they'll fit anywhere, work anywhere. And 
they're double- dipped in epoxy resin for extra protection against 
moisture. 

The "Hidden 600" are Sprague's 600 experienced researchers 
who staff the largest research organization in the 
electronic component industry and who back up the efforts 
of some 8,500 Sprague employees. 

Get your copy of Catalog C -614 from 
any Sprague distributor, or write 
Sprague Products Co., 51 Marshall 
Street, North Adams, Massachusetts. 

a5. 4ú2 WORLD'S LARGEST MANUFACTURER OF CAPACITORS 
February, 1963 CIRCLE NO. 146 ON READER SERVICE PAGE 

SPRAGUE' 
THE MARK OF RELIABILITY 
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Why Fred got a better job ... 
I laughed when Fred Williams, my old high school 
buddy and fellow worker, told me he was taking a 
Cleveland Institute Home Study course in electronics. 
But when our boss made him Senior Electronic Tech- 
nician, it made me stop and think. Sure I'm glad 
Fred got the break ... but why him ... and not me? 
What's he got that I don't. There was only one 
answer ... his Cleveland Institute Diploma and his 
First Class FCC License! 

After congratulating Fred on his promotion, I 
asked him what gives. "I'm going to turn $10 into 
$10,000," he said. "My tuition at Cleveland Institute 
was only $10 a month. But, my new job pays me $10 
a week more ... that's $520 more a year! In twenty 

years ... even if I don't get another penny increase 
. I will have earned $10,400 more! It's that simple. 

I have a plan ... and it works!" 
What a return on his investment! Fred should have 

been elected most likely to succeed ... he's on the 
right track. So am I now. I sent for my three free 
books a couple of months ago, and I'm well on my 
way to Fred's level. How about you? Will you be 
ready like Fred was when opportunity knocks? Take 
my advice and carefully read the important infor- 
mation on the opposite page. Then check your area 
of most interest on the postage -free reply card and 
drop it in the mail today. Find out how you can 
move up in electronics too. 
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How You Can Succeed In Electronics 
... Select Your Future From Five Career Programs 

The "right" course for your career 
Cleveland Institute offers not one, but five different 
and up -to -date Electronics Home Study Programs. 
Look them over. Pick the one that is "right" for you. 
Then mark your selection on the reply card and send it 
to us. In a few days you will have complete details... 
without obligation. 

1. Electronics 
Technology 
A comprehensive program 
covering Automation, Com- 
munications, Computers, In- 
dustrial Controls, Television, 
Transistors, and preparation 
for a 1st Class FCC License. 

2. First Class 
FCC License 
If you want a 1st Class FCC 
ticket quickly, this stream- 
lined program will do the 
trick and enable you to main- 
tain and service all types of 
transmitting equipment. 

3. Broadcast 
Engineering 
Here's an excellent studio 
engineering program which 
will get you a 1st Class FCC 
License and teach you all 
about Program Transmission 
and Broadcast Transmitters. 

4. Electronic 
Communications 
Mobile Radio, Microwave, 
and 2nd Class FCC prepara- 
tion are just a few of tht 
topics covered in this "com- 
pact" program ... Carrier 
Telephony too, if you so 
desire. 

5 Industrial Electronics 
& Automation 
This exciting program in- 
cludes many important sub- 
jects such as Computers, 
Electronic Heating and 
Welding, Industrial Controls, 
Servomechanisms, and Solid 
State Devices. 

Cleveland 
February, 1963 

An FCC License ... or your money back! 
In addition to providing you with comprehensive train- 
ing in the area indicated, programs 1, 2, 3, and 4 will 
prepare you for a Commercial FCC License. In fact, 
we're so certain of their effectiveness, we make this 
exclusive offer: 

The training programs described will prepare you 
for the FCC License specified. Should you fail to 
pass the FCC examination after completing the 
course, we will refund all tuition payments. You 
get an FCC License ... or your money back! 

For Every CIE Student ... A New Electronics 
Slide Rule 

I 

Every CIE student receives this valuable Electronics 
Slide Rule and complete instructions for its use. As a 
student ... and throughout your electronics career, it will 
save you hours in solving difficult electronics problems. 

Job placement service ... another CIE extra 
to help you get ahead in electronics 
Once enrolled with CIE, you will get a monthly listing 
of the many high -paying interesting jobs available with 
top companies throughout the country. Many Cleveland 
Institute students and graduates hold such jobs with 
leading companies like these: American Airlines, Amer- 
ican Telephone and Telegraph, General Electric, General 
Telephone and Electronics, IBM, Motorola, North 
American Aviation, New York Central Railroad, Ray- 
theon, RCA and Westinghouse. 

Electronics is a fast moving, dynamic industry 
...Cleveland Institute keeps you current 
The Electron Bulletin is CIE's monthly digest of new 
developments in the world's fastest growing industry. 
As a CIE student, you will get a free copy throughout 
your training to keep you up -to -date on Masers, Lasers, 
Solid State Devices, and other new inventions. 

Full accreditation ... your assurance of 
competence and integrity 

Cleveland Institute of Electronics is accredited by the 
Accrediting Commission of the National Home Study 
Council. You can be assured of competent electronics 
training by a staff of skilled electronics instructors. 

Your Future In Electronics Is 

Up To You. Make It A Brighter One. 

Mail Reply Card Today. 

Institute of Electronics 
Dept. EW -74, 1776 E. 17th St., Cleveland 14, Ohio 
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NEW, MODERN, PORTABLE ... FOR THE MAN ON THE GO ., 

as oltmete 

new 3 ne x en'. e ' ew 
Portable Scope with New 
Features and Performance 
Unmatched by even the mos 

Q =tly 5 inch Oscilloscopes`. 

NEW 
SENCORE P5120 
PROFESSIONAL 
WIDE BAND 
OSCILLOSCOPE 

Ill 
3.58 

COLOR BURST 

Lowest priced 
Wide Band 3 
anywhere. All 

I ¡ere it is, the scope that technicians, engineers and service- 
men from coast to coast have been demanding. A portable 
wide band scope that can be used on the job anywhere, yet 
has the highest laboratory specifications for shop or lab. 
Cumbersome color TV sets, remote audio and organ install- 
ations and computers are just a few of the jobs that make 
owning a scope of this type so essential. Why consider a 
narrow band scope, when for only a few dollars more, this 
professional wide band sensitive scope equips you for any job. 

The PS120 provides features never before offered. Only 
two major controls make the PS120 as easy to use as a volt- 
meter. Even its smart good looks were designed for functional 
efficiency. New forward thrust design, creating its own 
shadow mask, and full width calibrated graph increase 
sharpness of wave form patterns. A permanent chromed 
steel carrying handle instead of untidy leather strap and a 
concealed compartment under panel for leads, jacks and AC 

S P E C I F I 

inch Scope 
hand wired. 

1245° net 
Kit $74.50 

line cord make the PS120 the first truly portable scope com- 
bining neatness with top efficiency. 

Electrical specifications and operational ease will surpass 
your fondest expectations. Imagine a wide band scope that 
accurately reproduces any waveform from 20 cycles to 12 
megacycles. And the PS120 is as sensitive as narrow band 
scopes .. all the way. Vertical amplifier sensitivity is .035 
volts RMS. The PS120 has no narrow band positions which 
cause other scopes to register erroneous waveforms unexpect- 
edly. Another Sencore first is the Automatic Range Indi- 
cation on Vertical Input Control which enables the direct 
reading of peak -to -peak voltages. Simply adjust to one inch 
height and read P -to -P volts present. Standby position 
on power switch, another first, adds hours of life to CRT 
and other tubes. A sensitive wide band oscilloscope like the 
PS120 has become an absolute necessity for trouble shooting 
Color 'ITV and other modern circuits and no other scope is as 
fast or easy to use. 

C A T I O N S 

WIDE FREQUENCY RESPONSE: 
Vertical Amplifier -flat within Vz DB from 20 cycles to 5.5 MC, down -3 DB at 7.5 
MC, usable up to 12 MC. 
Horizontal Amplifier--flat within -3 DB from 45 to 330 KC, flat within -6 DB 
from 20 to 500 KC. 

HIGH DEFLECTION SENSITIVITY: RMS P/P 
Vertical Amplifier -Vert. input caole .035V IN. 0.1V /IN. 

Aux. vert. jack .035V IN. 0.1V /IN. 
Through hi- imped. probe .35V IN. 1.0V /IN. 

Horizontal Amplifier- .51V IN. 1.44V/1N. 

HIGH INPUT RESISTANCE AND LOW CAPACITY: 
Vert. input cable 2.7 Meg. shunted by approx. 85 MMF 
Aux. vert. input jack 2.7 Meg. shunted by approx. 20 MMF 
Through hi- imped. probe 27 Meg. shunted by 8.6 MMF 
Horiz. input jack 330 K to 4 Meg. 

26 

The PS120 is a must for color TV 
servicing. For example, with its ex- 
tended vertical amplifier frequency 
response, 3.58 MC signals can be 
seen individually. 

HORIZONTAL SWEEP OSCILLATOR: 
Frequency range- 4 ranges. 15 cycles -150 KC 
Sync Range- 15 cycles to 8 MC usable to 12 WC 

MAXIMUM AC INPUT VOLTAGE: 
Vertical input cable - 
Aux. vert. jack- - 1000 VPP (in presence of 600 VDC) 
Hi.imped. probe - 
Horiz. input jack- approx. 15 VPP (in presence of 400 VDC) 

POWER REQUIREMENTS: 
Voltage - 
Power consumption- 

105.125 volts, 50.60 cycle 
On pos. 82 watts 
Stby. pos. 10 watts 

SIZE: 7" wide x 9" high x 111/4" deep -weight 12 lbs. 

S E N C O R E 
ADDISON 2, ILLINOIS 

CIRCLE NO. 142 ON READER SERVICE PAGE ELECTRONICS WORLD 
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looks innocent... but this chassis has a "tough dog "* repair problem 
*no picture- raster okay -sound distorted 

you may be able to solve the 
trouble in an hour or more or you can do it in minutes 

With a PHOTOFACV Folder by your side, 
the job takes just minutes. You use the Tube 
Placement and Tube Failure Check Charts 
(found in every PHOTOFACT TV Folder) 
and test the Video, AGC and IF tubes -they 
check okay. Adjusting the AGC control pro- 
duces a weak picture, but the contrast con- 
trol has no effect. 

Referring to the Standard Notation Sche- 
matic, there is a normal waveform at the 
Video grid. There is a weak signal at the 
plate. Voltages are high. In just minutes, 
you've pinpointed the trouble. When com- 
paring resistance with the handy chart, rotat- 
ing the contrast control varies the reading, 
but you find it's high. The answer: A cold 
solder joint at the center of the control. 
Trouble solved -in just minutes -with 
PHOTOFACT! 

YOU EARN MORE DAILY when you 
have PHOTOFACT at your fingertips. 
It's your time- saving troubleshooting 
partner for everything that comes into 
your shop. Just reach for the easy -to- 
find PHOTOFACT Folder you need for 
any model. It provides everything you 
want -complete, uniform, authoritative. 

You get: Famous Standard Notation 
Schematics packed with all the service 
details you need; full Photo Coverage 
of all chassis views; Complete Replace- 
ment Parts Lists; Tube Placement Dia- 
grams; full Alignment Instructions; 
actual Waveform Photos; CircuiTrace' 
for printed boards; Alternate Tuner 
data; Terminal Identification and Con- 
nections; Disassembly Instructions 

OWN YOUR PHOTOFACT LIBRARY 
THIS EASY -BUY WAY 

More than pays for itself from the first day you put 
it into your shop! Now available to you on a Special 
Easy -Buy Deal: NO INTEREST NO CARRY- 
ING CHARGES ONLY $10 DOWN UP TO 
30 MONTHS TO PAY. And you get FREE file 
cabinets with your PHOTOFACT Library -so you 
have all you need for time- saving, money- making 
service work right at your fingertips. Get the 
PHOTOFACT Library details today. 

START A STANDING ORDER SUB- 
SCRIPTION TODAY Keep up with the 
rapidly- increasing current model output! 
See your Sams Distributor or send coupon 
now for full details. 

February, 1963 

(including auto radio removal); Field - 
Servicing Notes; Dial Cord Stringing 
Diagrams; Changer and Recorder "Ex- 
ploded Views" -plus dozens of other 
great features. 

Own the complete PHOTOFACT Li- 
brary-so you can instantly put your 
hands on all the quick help you need 

for any job on your bench! If you're 
not now a PHOTOFACT Library owner, 
you're more than paying for it in the 
time you lose every day. So take the 
right step to time -saving, profit -building 
servicing -see your Sams Distributor 
for details on an Easy -Buy PHOTOFACT 

Library and Standing 
Order Subscription--or 
send coupon today! 

HOWARD W. SAMS & CO., INC. 

L_ 

Howard W. Sams & Co., Inc., Dept. 5 -B3 
4300 W. 62nd St., Indianapolis 6, Indiana 

Send full information on Easy -Buy Plan e 

Enter my Photofact Standing Order Subscription 

My Distributor is 

'Amp Name 

Attn 

Address__ 
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Carefully controlled -hock can facilitate medical 
diagnosis, treat diseases, and save lives. The 
techniques and electronic circuits are described. 

By ED BUKSTEIN /Author "Medical Electronics" 

CCIDENTAL electric shock is an experience which at best is 
annoying and at worst is fatal. It is regarded with feelings rang- 
ing from mild apprehension to pure abhorrence. This is fortu- 

nate because it encourages a cautions attitude and a deep respect for 
things electrical. Nonetheless, electric shock can be both intentional and 
beneficial. Under the supervision of a skilled physician, amperes can be 
as useful as antibiotics. Carefully controlled electric shock can facilitate 
medical diagnosis, treat diseases, and save lives. 

Electric Shock Therapy 
Perhaps the best -known use of electric shock in medicine is its em- 

ployment for the treatment of mental disorders. As an alternative to 
insulin shock and other forms of chemo- therapy, electroshock offers the 
advantages of being easily and accurately controllable. The treatment, 
sometimes referred to as electrical conculsant therapy (ECT), is accom- 
plished by means of electrodes, one on each side of the patient's head. 
The electrodes are moistened with a conductive paste to improve the 
electrical contact, and a sine wave of current is passed through the brain. 
Currents up to several hundred milliamperes are employed, and treat- 
ment duration is generally in the range of .1 to 1 second. A.c. voltages 
over a range of 70 to 170 volts are commonly used. 

A typical circuit of a shock -therapy unit is shown in Fig. 1. Treatment 

ELECTRIC SHOCK 

ON PURPOSE 

www.americanradiohistory.com

www.americanradiohistory.com


X -ray view of implanted pacemaker, which stimulates the 
heartbeat. The large circular areas are the mercury cells that 
operate the two- transistor (smaller circular areas) circuitry. 

Fig. 1. Time -delay circuit con- 
trols duration of shock impulses. 

TREATMENT 
PUSH- BUTTON 

q 17VA.0 p 
144oQOJ 

e+ 

current is adjusted by means of a switch that selects one of 
several available taps on the transformer. A time -delay cir- 
cuit controls the duration of the treatment, which com- 
mences when the treatment push -button is depressed. At 
this time capacitor C begins to charge from the B- supply, 
and the resulting voltage drop across resistor R drives the 
tube grid positive. The relay therefore energizes and com- 
pletes the circuit from the transformer to the patient. As 
the capacitor continues to charge, the voltage drop across 
R gradually decreases and ultimately allows the relay to de- 
energize. The relay contacts now open to terminate the treat- 
ment. 

Several values of resistance are available so that the time 
constant of the charging circuit can be changed. In this 
manner the treatment duration can be preset. When the treat- 
ment is finished, as indicated by extinction of the glow in the 
neon indicator, the operator releases the push -button. The 
back contact of the push -button now discharges the capacitor 
through a small resistance, preparing the instrument for the 
next patient. 

Sudden application of voltage to the patient causes muscu- 
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lar contraction which may be so severe as to cause sprains, 
dislocations, or even broken bones. The sudden contraction 
can be prevented by allowing the treatment current to build 
up gradually as indicated in Fig. 2. Known as glissando, this 
mode of treatment is achieved by means of the spring -wound 
potentiometer in Fig. 1. Before the treatment is started, !the 
shaft of the potentiometer must be advanced to its extreme 
(minimum output) position. This action winds the spring. 
Through a mechanical linkage, the spring is released when 
the treatment button is depressed. The spring now drives the 
potentiometer shaft to its opposite extreme, gradually in- 
creasing the magnitude of the treatment current. A safety 
interlock switch is mounted on the potentiometer to prevent 
treatment until the potentiometer spring has been wound. 

Electrod iagnosis 
Late in the eighteenth century, Luigi Galvani discovered 

that a frog leg could be made to twitch by bringing it into 
contact with two dissimilar metals. Although the reason for 
this was not known at the time, we now know that the twitch 
resulted from electrical stimulation of the nerve and muscle 
tissue (the dissimilar metals functioning as a battery). This 
discovery established the basis for modern electrodiagnostic 
techniques. Today, electrical stimulation is employed to pro- 
duce muscular contraction for the purpose of testing the 
muscle and its nerve supply. Both direct and alternating cur- 
rents are used for muscle stimulation, the former are known 
as galvanic and the latter as faradic currents. Various wave - 
shapes, referred to as modalities, are illustrated in Fig. 3. 

Galvanic current is obtained from a conventional rectifier 
circuit of the type commonly used for B- supply. A mechanical 
interrupter such as a vibrator may be connected in series 
with the output to produce pulsed galvanic current. The 
surging galvanic modality is the unfiltered output of the 
power supply and is produced by opening a switch that 
disconnects the filter capacitors. Faradic current is generated 
by periodically interrupting the current flow through the 
primary of a transformer. As shown in Fig. 5, a vibrator is 
used to alternately make and break the primary circuit. 

Still another modality consists of a 60 -cps sine wave that 
is amplitude modulated to make it less painful to the patient. 
The modulation is produced by a motor -driven potenti- 
ometer. 

Diagnostic currents are applied to the patient through 
metal electrodes moistened with an electrically conductive 
paste. The active electrode is positioned over the muscle to 

Components of transistorized muscle activator. Device produces 
pulses that activate leg muscles, enabling wearer with seri- 
ous motor nerve damage to wa.k almost in a far al m;.nnei. 

STIMULATOR 
BATTERY 

PACK 

REFERENCE 
ELECTRODE 

HEEL 
SWITCH PULSE APPLICATOR 
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Fig. 2. Glissando eliminates severe muscular contractions. 
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FARADIC 

SURGING A.C. 

Fig. 3. Waveforms employed for nerve and muscle stimulation. 

be tested, and the larger diyersing electrode is placed else - 
where on the body. The active electrode is smaller in area 
than the dispersing electrode so that current flow will be 
concentrated in the region of the muscle being tested. 

Direct current (galvanic) will cause a muscle to contract 
if the current is sufficient in both amount and duration. The 
minimum current required to produce contraction is known 
as the rheobase value. The minimum duration required with 
a current twice rheobase is known as the chronaxie value. 
Chronaxie measurement is useful diagnostically because an 
increase in this value indicates degeneration of the nerve 
supply to the muscle. 

Steady galvanic current produces contraction only briefly 
when the current is first applied. Interrupted (pulsed) gal- 
vanic current, however, produces a condition of sustained 
contraction. The muscle remains contracted because there 
is insufficient time for it to relax between successive pulses 
of stimulating current. If a muscle fails to respond in this 
manner, an increased chronaxie value is indicated (the 
muscle cannot contract within the duration of each pulse of 
stimulation). The same test can be performed using faradic 
rather than pulsed galvanic current. 

Sawtooth stimulation is also useful diagnostically. Healthy 
tissue will not respond to the slowly rising current -a charac- 
teristic known as accommodation. Denervated muscle how- 
ever, cannot accommodate and therefore contracts in response 
to the sawtooth stimulation. On this basis, the diagnostician 
can determine whether the nerve supply to a muscle is intact 
and functioning normally. An advantage of the sawtooth 
waveform is that it elicits response from injured but not from 
normal tissue. Contraction of the denervated muscle is there- 
fore not obscured by contraction of adjacent healthy tissue. 
A further advantage of sawtooth stimulation is that it is less 
painful because the sensory nerves also possess the property 
of accommodation. 

Sawtooth stimulation is usually obtained from a thyratron 
relaxation oscillator similar to those which were once popular 
as sweep generators in oscilloscopes. A typical circuit is 

shown in Fig. 6. Capacitor C in this circuit charges from the 
B- supply until the voltage across it is sufficient to ionize the 
thyratron. The ionized gas now provides a low -impedance 
discharge path for the capacitor. \\'hen C has discharged to 
the de-ionization potential of the thyratron, the gas de- ionizes 
and C begins to recharge. The slow charge and rapid dis- 
charge of the capacitor produce the sawtooth output. Saw - 
tooth frequency can be controlled by varying either R or C. 
The capacitor- selecting switch is a coarse step control, and 
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variable resistor R is used as the fine continuous control. 
Electrical stimulation is useful for treatment as well as 

diagnosis. Electrotherapeutic current, for example, is used 
to exercise paralyzed ( denervated) muscle. The nerve supply 
may eventually regenerate and regain control of the muscle, 
but until this happens the muscle must be artificially stimu- 
lated. Without such exercise, the muscle will atrophy from 
prolonged inactivity. 

Cardiac Resuscitation 
Cardiac arrest is a medical emergency that demands im- 

mediate attention. If normal or near -normal heartbeat is not 
restored within a natter of minutes, the condition is fatal. 
The cardiac arrest may take either of two forms: fibrillation, or 
.standstill. Fibrillation is a condition in which the heart muscle 
goes out of sync," that is, the muscle fibers contract at ran- 
dom rather than in a coordinated sequence. The heart there- 
fore loses its effectiveness as a pump for forcing the blood 
through the circulatory system. Cardiac standstill is a condi- 
tion in which the heart muscle does not contract at all. 

Cardiac fibrillation is treated by shocking the heart elec- 
trically. As a result of this shock, all of the muscle fibers of 
the heart contract simultaneously. This leaves the heart in 
a condition of standstill from which it may recover spon- 
taneously or may be triggered by a pulse generator. The in- 
strument employed to shock the heart out of fibrillation is 
known as a "defibrillator." By means of a pair of electrodes as 
shown in Fig. 7, 60 -cps current is passed through the heart. 
Currents as high as 15 amperes may be employed if the 
electrodes are applied to the surface of the chest. Less cur- 
rent is required if fibrillation occurs during cardiac surgery 
because the electrodes can then be applied directly to the 

Fig. 4. Subcutaneous 
extension of Char- 
dack - Greatbatch 
pacemaker termi- 
nates just below skin 
and can be reached 
through a fairly 
simple emergency in- 
cision. The resistor in 
the extension can be 
shorted out to in- 
crease pulse ampli- 
tude if required or to 
permit an external 
pacemaker to be con- 
nected. Although the 
circuit has been 
shown at the left for 
the sake of clarity, 
the terminals and re- 
sistor are actually 
contained in pigtail 
extension at bottom. 

SUBCUTANEOUS 
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heart. Shock duration is in the range of .1 to .5 second and 
is controlled by a time -delay circuit. 

The defibrillator shown in the photo is designed for both 
closed -chest and open -chest cardiac resuscitation. Output 

ELECTRODES voltage can be set by means of a front -panel control to 120, 
240, 360, 500, 750, or 1000 volts. Another front -panel control 
permits adjustment of shock duration to .15 or .30 second, 
or to manual control which permits the operator to control 
the shock duration by means of a push- button. An auxiliary 
foot -switch can be connected to the unit and used instead of 
the front -panel push -button. 

Cardiac standstill is treated by stimulating the heart with 
a pulse generator known as a "pacemaker." Each pulse canses 
the heart muscle to contract, allowing the heart to regain a 
normal rhythm. Pulse duration is generally in the range of 
2 to 4 milliseconds, and pulse rate is adjustable from 20 to 

Fig. 5. Circuit of generator used for faradic stimulation. 

c 
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200 pulses per minute. A representative circuit employing a 
blocking oscillator is shown in Fig. 8A. Output is coupled 

SAWTOOTH OUTPUT from an additional winding on the blocking- oscillator trans- 
former. A potentiometer between this winding and the elec- 
trodes permits control of pulse amplitude. 

Implanted Pacemaker 

Fig. 6. A relaxation oscillator for sawtooth stimulation. 

Fig. 7. Application of external defibrillator electrodes. 

Fig. 8. IA) Blocking oscillator generates pulses used to trig- 
ger the heartbeat. (B) Circuit d agram of the two -transistor 
pacemaker, a device which is su gically implanted in patient. 
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In addition to its use for emergency treatment, the pace- 
maker is employed on a continuous basis for long -term cor- 
rection of heart block. Such block may occur following cardi- 
ac surgery, coronary thrombosis, or in patients with Stokes - 
Adams disease. 

Earliest efforts to apply electronic "pacemaking" to such 
patients involved an external pacemaker and external elec- 
trodes strapped to the chest. This technique, however, re- 
quires considerable output power from the pacemaker and 
therefore necessitates a physically large instrument. By con- 
trast, only a few milliamperes of stimulating current are 
required if the electrodes are placed directly on the heart. 
This consideration led to the use of an external pacemaker 
in conjunction with internal (implanted) electrodes. By 
means of leads passing through the chest wall, the external 
pacemaker is connected directly to the patient's heart. 

A serious disadvantage of this technique is that infections 
occur frequently at the site where the leads pass through the 
chest wall. To overcome this problem, a system employing a 
radio link has been developed. A small, external transmitter 
is pulsed on and off at the desired heartbeat rate, and this 
signal is picked up by a small receiver previously implanted 
in the patient. Output leads from the receiver carry the stimu- 
lating pulses to electrodes in contact with the heart. Although 
the technique eliminates the need of through -the -chest con- 
necting leads, it still requires the use of external equipment. 

The obvious next step was the development of a completely 
internal pacemaker meeting the requirements of small size 
and long life expectancy. Such a unit could be surgically im- 
planted in the patient and connected to electrodes in contact 
with the heart. A two- transistor circuit employing miniature 
components is shown for such a device in Fig. 8B. The first 
stage is a blocking oscillator that develops pulses of proper 
duration and repetition frequency. These pulses are directly 
coupled from the emitter resistor of the first stage to the base 
of the second stage. The second stage is a grounded- emitter 
amplifier whose output is applied to the heart electrodes. 

The Chardack -Creatbatch pacemaker shown in Fig. 4 is 
a self -contained, implantable unit that Nveighs only 8 ounces. 
Including its battery of ten mercury cells, the pacemaker is 
6 centimeters (21,1") in diameter and 1.5 centimeters (%") 
thick. Life expectancy of the battery supply is estimated at 
five years. This instrument produces output pulses of 2- mtlli- 
seconds duration in the frequency range of 50 to 60 pulses 
per minute. Output rating is 10 milliamperes into a 1000 -ohm 
impedance, which is well above the stimulation threshold 
(typically 3 to 5 milliamperes). The entire pacemaker assem- 

(Continue'd on page 97) 
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DIGITAL READOUTS 
Though you can "see" a voltage on an oscilloscope, there is always 
the chance of an interpretation error. These devices will convert 
signals directly to numbers or letters eliminating all ambiguity. 
By WALTER H. BUCHSBAUM, Industrial Consultant, ELECTRONICS WORLD 

ONE OF the unfortunate aspects of electronics is that 
all signals are invisible. We can see the results of 
an electric current when it is converted into me- 

chanical motion, or into light, but special devices are needed 
to change signals into directly readable form. Though this 
consideration is important when testing and troubleshooting, 
it becomes a much greater problem with electronic data - 
handling machines and computers. There are many important 
applications ranging from digital voltmeters to stock -market 
quotation and airline flight- reservation boards in which num- 
bers and letters must be displayed. 

One advantage of a number or letter indication over a 
meter indication is that a reading error is less likely. Another 
is that everyone seeing the number knows exactly what is 
meant without having to interpret a meter scale, or worry 
about parallax and scale- factor errors. This is particularly 
important when the electronic system is used to display in- 
formation to the general public in applications such as pari- 
mutuel betting or bowling score announcements. Readouts 
are also widely used in industrial electronics. 

Just as the applications vary so do the types of readouts. 
There are some that display all letters of the alphabet as well 
as numbers, called alpha- numeric types, but the vast majority 
simply show the numbers O through 9 and possibly symbols 
such as --J- or -. From a technical viewpoint, all readouts 
can be divided into three major categories according to their 
operating principle. In the electro- mechanical group, the elec- 
trical signal is converted into mechanical motion which turns 
a chum or tape to display the desired character. Another cate- 
gory is called optical because the signal actuates lights. The 
third group consists of devices that combine mechanical and 
optical action. Within each category there are variations, too, 
depending on construction, driving signals, operating speed, 
and input codes. 

Optical Readouts 
The basic optical readout is the pilot light with a number 

painted on the lens. \Vhen large numbers are displayed, the 
pilot lights take up a lot of room and reading the full number 
is cumbersome and inconvenient. It would be simpler if the 
pilot lights for each decade could be behind each other; this 
is the principle of the edge -illuminated, engraved numbers 
shown in Fig. 2. Ten small lamps are located above each of 
the ten pieces of Lucite. When a lamp is on, only its associated 
Lucite plate is edge -illuminated and its engraved numeral 
February, 1963 

displayed. The numerals on the other Lucite pieces can hardy 
be seen; since they are not illuminated they appear only as a 
slight blur. As numerals are switched, they appear to travel 
back and forth due to the positioning of the Lucite plates 
behind one another. This type of numerical readout is found 
primarily in digital voltmeters and other test equipment as 
well as in some older computer accessories. Servicing con- 
sists of simply replacing bulbs which are located either at the 
top or bottom of the readout assembly. If a Lucite plate has 
become warped or cracked, a replacement can simply be in- 
serted in the correct slot. 

Similar to the edge -illuminated readout shown in Fig. 2 is 
one which General Radio Co. imports from England and 
installs in its equipment. In this "Numerick" unit the indi- 
vidual lamps are at the rear and the Lucite plates are ar- 
ranged in a series of nesting U's. Instead of engraving the 
numerals as smooth lines, the English supplier, K.\IG Elec- 
tronics, forms the numerals with a series of small dots, pre- 
sumably for better visibility. To avoid interference between 
parallel Lucite plates, thin sheets of opaque reflecting mate- 
rial are placed between the plates except at the viewing 
window. 

A refinement of the Lucite "in- line" readout is the Bur- 
roughs Corp. "Nixie" neon indicator shown in Fig. 1. Here, 
the principle of cathode glow, familiar in neon lamps, causes 
one of ten cathodes shaped like a numeral to glow. As in the 
case of the Lucite readout, the numerals not illuminated can 
be seen, but in the "Nixie" the glowing number is so bright 
that the others are practically invisible. Another advantage is 
that the numerals are so close behind each other that the illu- 
sion of the motion of numbers is greatly minimized. Recent 

Fig. 1. Numeral in "Nixie" tube is glowing cathode as in neon lamp. 
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Fig. 2. Numerals are engraved on Lucite that is edge -illuminated. 

Fig. 3. Projection readout is combination of small slide projectors. 

versions of the "Nixie" have been designed for greater jt \\ ing 
angle and there are even some available in semi -rectangular 
envelopes to permit closer spacing. "Nixies" are available 
in a wide range of sizes and, accordingly, in a range of dif- 
ferent voltages. Numeral sizes range from 0.3" high to 2" 
high. Operating voltages range from 120 to 300 v. between 
cathode and anode. 

Actual firing and extinguishing voltages vary. Of particu- 
lar interest are the low- voltage "Nixies," which are available 
in combination with transistors under the trade name "Trixie," 
that enable a transistor circuit to drive the "Trixie" directly. 
Although transistors cannot switch the entire firing voltage, a 
series resistor ( R, Fig. 5) forms a voltage divider with the 
transistor which operates as a switch to light a particular 
numeral. "Nixies" usually are reliable but have a limited life. 
Numerals get slim, don't light up at once, flicker, or only part 
of a number glows. The only remedy is replacement, which 
is simple since they plug into a socket. 

A readout that presents a single -place indication is the 
projection type available from Industrial Electronic Engi- 
neers, Inc and shown in cutaway view in Fig. 3. It is simply 
a compact arrangement of individual transparency projectors, 

all focused on the front screen. In addition to numerals, any 
combination of words, colors, and symbols can be obtained 
by this method since separate lamps, transparencies, and 
lenses are used for each letter, word, or numeral. Projection 
type readouts are available in character sizes from %" to 3%" 
and units can be stacked alongside or above each other prac- 
tically without limit. Access to the lamps is from the rear by 
means of a quick -disconnect, spring -loaded plug assembly. 
Servicing is not a problem since the only defect can be in the 
lamp and the circuit driving it. The optical portion is effec- 
tively sealed and trouble -free. Because the lamps require a 
fair amount of power, projection -type readouts are usually 
driven by relays rather than directly by transistors. 

Another type of one -plane readout produces the characters 
by combining individual segments, each of which is illumi- 
nated separately. In Fig. 6 the numeral six is formed by six 
separate neon bulbs, each shining through a slot, whose 
combined illuminated areas form the desired letter. Behind 
the optical portion are a number of resistors which make up 
the matrix necessary to light the right segments for each 
numeral. Variations of the 1.D.E.A., Inc. model shown here 
range in size from WG" to 10" high and vary in complexity 
from the seven- stroke version for numerals to a sixteen -seg- 
nient arrangement which shows both letters and numerals. 
This type of readout has the advantage of reliability since 
only the neon lamps can get dim and they are easily spotted 
and replaced. The matrix resistors generally do not fail be- 
cause little power is dissipated by them. Power requirements 
range from 1 watt at 150 volts for the smallest to 1.2 watts 
at 200 volts for the largest unit. Driving signals usually go 
through relays rather than transistors or tubes. 

Based on the same method of making up symbols from 
basic lines is another type of optical readout which employs 
electroluminescence to generate the light (Fig. 7). The front 
of the glass- and -phosphor sandwich contains a transparent 
conducting coating while the back has conducting strips in 
the shape of individual segments. Each of the rear segments 
has a separate terminal. The a.c. is applied between the 
conducting front coating ( "transparent conductor ") and the 
desired segments ( "conductor segments ") to produce a nu- 
meral or letter. These electroluminescent readouts are already 
in use in some counters and digital voltmeters and many 
other applications are planned. Sylvania, Westinghouse, and 
RCA make them. Because a relatively large a.c. potential 
(200 volts is a typical value) is required, this type of readout 
is usually driven either by tubes or relays. Troubleshooting 
consists of replacing the entire unit since it is a complete, 
sealed -in -glass assembly. 

Electro- Mechanical Readouts 

The next method of displaying numbers is by rotating a 
drum or belt on which numbers and letters have been printed 
until the desired character appears at a window. That is how 

Fig. 4. Solenoid- driven readout is used Fig. 5. With this drive circuit, "Nixies" 
can be used with transistorized equipment. in stock quotation and reservation boards. 
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Fig. 6. Numeral is formed by neon lamps 
whose light penetrates individual slots. 
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Fig. 7. Electroluminescent readout needs high a.c. driving voltage. 

all electro- mechanical readouts work, but details on how 
to stop the right character in front of the window, merit some 
discussion. One of the most widely used readouts is shown in 
Fig. 4. This Teleregister unit, available in various sizes, is 
used on stock market quotation boards, airline reservation - 
status boards, and in many other data systems. The numeral 
chum is driven by a ratchet drive from the solenoid at the 
rear of the unit. A printed -wiring commutator is mounted on 
the drum and contacted by stationary brushes that transfer 
the solenoid circuit to an external control circuit. When the 
circuit is opened, a number of pulses cause the solenoid to 
rotate the drum until it reaches a blank position at which 
time the commutator shuts power off. Troubleshooting this 
unit requires mechanical ingenuity and a familiarity with re- 
lays and stepping switches. The most likely defect is either 
contact trouble or else a broken connection, spring, or de- 
fective contact. 

A more complex readout is the Union Switch and Signal 
Co. series, two of which are shown in Fig. 8. The shorter unit 
displays numerals by means of a drum and the longer model 
uses a flexible metal tape to display up to 64 characters. Both 
units are driven by a very precise mechanism and are capable 
of accepting binary information to produce a display of num- 
bers or letters. The lower illustration shows the internal view 
of the drum -type numeral indicator. One -half of the assembly 
contains a special, flat d.c. motor which drives the numeral 
drum through a worm -gear arrangement. A binary coded 
printed wiring commutator is part of the drum. The other half 
of the assembly contains the brushes for the commutator and 
printed wiring to bring the brush connections to the plug -in 
socket at the rear of the indicator. A four -bit binary -code in- 
put connects power to the motor until the drum and its com- 
mutator are in the correct binary code position, which also 
corresponds to the decimal number to he displayed. At that 
position power to the motor is shut off. In the case of the 
64- character version the tape passes over two drums, one in 
front and one in the rear, and each of these drums has a com- 
mutator and a set of brushes, providing the required 6 bits 
of binary code for 64 positions. Illuminated versions of this 
readout are also in use and contain a very small bulb behind 
the rim of the numeral drum. The drum rim is made of trans- 
parent plastic permitting light to pass through. 

Troubleshooting this readout can be quite complex since 
poor brush contact, excessive friction, and other defective 
contacts and wiring may be hard to locate in the compact 
assembly. The motors are quite small and delicate so that 
failure of the motor itself should not be ruled out. Like the 
Teleregister unit shown in Fig. 4 this readout uses consider- 
able d.c. power and is generally driven through relay con- 
tacts. 

An entirely different type of electro- mechanical readout is 
Patwin's "Magneline" indicator shown in Fig. 9. In this unit 
the numeral drum is part of the armature of a ten -pole d.c. 
motor. A small permanent magnet, shown in Fig. 10, is at- 
tached to the large numeral drum. Stationed around the mag- 
net are ten electro- magnets, like the stationary poles of a 
d.c. motor. When two opposite coils are energized, the per- 
manent- magnet armature and the numeral drum attached to 
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will turn to line up the magnet. It ,i:. ,:ups -('r is removed, 
the residual magnetism in the soft iron pole and the perma- 
nent magnet itself will be sufficient to maintain the drum's 
position until another set of poles is energized. The typical 
value of power required to energize the coils is 200 ma. at 
6 v. d.c. Relays are usually used to translate from the machine 
data code to the decimal switching selection required here. 
Troubleshooting is simple becat'>e there are no moving con- 
tacts. It is only necessary to measure the resistance of each 
of the ten field coils to find electrical defects. Short of excess 
friction or a broken drum, very little can go wrong mechan- 
ically. 

Another version of the multi -pole d.c. motor drum readout 
is the new A.C.E. Co. Model SV -1 shown in Fig. 12. It is 
basically the same as the "Magneline" unit except that the 

(Continued on page 66) 

Fig. 8. Top: 12 lleftl- and 64 Irightl- character readouts. Exposed 
view below shows drum of smaller unit. Larger uses flexible tape. 

Fig. 9. Numeral drum is armature of ten -pole motor in "Magneline" unit. 
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RECENT 
DEVELOPMENTS 

IN 

ELECTRONICS 

Ultrasonic Transducer 
Ultrasonic energy is being used to measure pulsations and 

movements of blood vessels and organs deep within the human 

body. In operation, a series of ultrasonic pulses from the trans- 

ducer shown are directed in a narrow beam in the direction to 

be viewed. Measurements are made of the amount of time for 

an echo to return as well as its amplitude and phase. The differ- 
ent acoustic impedances of biologic structures produce the 

echoes. The bottom illustration is a recording of pressure in a 

neck artery as seen on a unit developed by Sonomedic Corp. 

-New Color Tube Plant 
Rows of color TV picture tubes travel along a special conveyor 

at RCA's new Marion, Ind. production plant. During this opera- 

tion, a glare -proof window is bonded to the face of the t ibe. The 

window eliminates the need for an external safety glass in the 

TV set. 
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TV- Viewed Microsurgery -- 
A new closed- circuit TV system, demon- 
strated at the New York Polyclinic Hospital, 
e -ables as many as 30 doctors to study 
microsurgical procedures at the same time. 
A 112 -lb. TV camera, developed by DuMont, 
is mounted directly on the barrel of an op- 

eration microscope. Procecures as seen by 

the surgeon through the microscope are re- 

produced, greatly enlaged, on the TV 

screen. 

'E-Semiconductor Crystal Laser 
A tiny semiconductor crystal suspended inside a glass container 

filled with liquid nitrogen is being used here to generate a beam 

of coherent infrared light. The laser beam is produced when 

large amounts of electric current are passed through the semi- 

conductor junction. The nitrogen is used for cooling the device. 

The new laser, developed at General Electric Laboratories, does 

not require pumping by means of a light or r.f. source. Instead, 

large pulses of current directly inject electrons and holes into 

the junction region of a tiny diode made of gallium arsenide. The 

directional beam is emitted from the junction -plane edges at 

two carefully polished and precisely parallel sides of Vie device. 

The crystal heart of the new laser is approximately cube -shaped, 

each edge measuring about one -third of a millimeter. 
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Super -Power Klystron 
A new method of focusing the electron beam in high -power 
klystrons was described by Sperry engineers. The klystron mi- 
crowave amplifier shown produces 22 megawatts of energy 
using a permanent magnet (keg -like object at left in photo) for 
beam focus rather than an electromagnet that has been stand- 
ard in the industry for 15 years. This was the first time such 
high power had been attained using this technique. Permanent 
magnet focusing previously had been limited to amplifier tubes 
producing only thousands of watts of power. Normally, the mag- 
net girdles the middle of the tube, being located between the 
top of the cathode and the base of the output waveguide. 

Experimental Transistor Microphone -- 
A new type of microphone that acts as its own amplifier has 
been developed by Bell Telephone Labs scientists. The mike is 
at least four times more sensitive than the carbon telephone 
transmitter, the most sensitive microphone now in use. The unit 
can be made very small and light -about the size of a tiny but- 
ton -and has many potential applications. Its main parts are a 
diaphragm, a sapphire stylus, and a junction transistor. Sound 
waves vibrate the diaphragm, move the stylus back and forth. 
The stylus bears against the transistor and causes the junctions 
resistance to change in step with the signal. This results in a 
varying current in the base -emitter circuit; an amplified signal 
is obtained in the collector- emitter circuit. The transistor mike 
uses 20 -100 times less current and has up to 100 times the 
efficiency of a typical carbon microphone. 
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<-300-foot Radio Telescope 
The world's largest movable radio telescope has 
been put intc operation at the National Radio As- 
tronomy Observatory, Green Bank, West Va. The 
huge telescope has an antenna with a 300 -foot 
diameter; its feed point is 225 feet from the ground; 
and its total weight is 600 tons. Known as a "trans- 
it" telescope, the parabolic reflector can be 
moved in a north -south direction only. Reception 
is possible on 750 and 1400 mc. simultaneously. 
Received data is automatically recorded on paper 
charts or punched at high speed onto tapes for sub- 
sequent analysis in a computer. Among the first 
objects to be studied is the planet Jupiter, a strong 
radio -wave emitter. 

FConveyorized Electronic Oven 
A conveyorized electronic oven, capable of heating 
hundreds of meals an hour from a frozen state to 
hot, has been demonstrated recently. The unit is 
equipped with five 2 -kv;. magnetrons, four above the 
conveyor belt and one below it. The oven will re- 
heat as many as five individual meals abreast in 
their packages, all in a matter of minutes. Originally 
designed by Phillips, the unit is being manufac- 
tured and marketed in this country by S. Blickman, 
Inc. 
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HI -FI 
LOUD SPEAKER 
CONES 
By CHARLES L. McSHANE / Chief Engineer, Cinaudagraph Acoustical Labs 

We know one speaker sounds different from another and we 

are beginning to understand why. Here are some design 
and construction variations that produce such differences. 
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Fig. 1. Performance of a 10 -inch loudspeaker. (Area Al Output determined by simple mass -compliance resonant circuit. Entire 

cone moves in phase. (Area B) Mass -controlled range. Output dependent on moving- system mass, air coupling, and motor ef- 

ficiency. Entire cone moves in phase. Output may be modified by broadened resonance "O." (Area C) Radial nodal action 

superimposed on piston movements of cone. May become severe enough to cause subharmonic "cone cry." (Area DI Edge resonance 

effects may be controlled by design of edge suspension; more severe when suspension is wide with many folds. (Area El Increased 

output after edge hole modified by heavier voice coil, shallow cury ilinear cone profile, apex decoupling rings, and other cone stock. 

The various sections of the loudspeaker cone are seen to move independently of each other as indicated by nodal patterns. 
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TO a large degree the performance of any hi -fi system 
is influenced by the behavior of the cones used in 
the speakers. The measured response characteristics 

as well as the subjective listening quality of a speaker or 
speaker system may be largely determined by such things 
as the cone shape, the paper pulp formulation, and the 
placement of stiffening body ribs and rolls. The speaker de- 
signer must select from a large number of varying cone paper 
pulp formulations as well as die configurations. 

A mathematical analysis of a vibrating disc may be ob- 
tained from classical physics texts, but the vibrating conical 
shell or "cone" has thus far eluded theoretical treatment. An 
electromechanical analogy that purports to represent the 
mechanical stiffness, mass, and frictional losses of a loud- 
speaker mechanism can only be considered valid for low 
and middle frequencies. At higher frequencies smaller seg- 
ments of the cone move independently and form innumer- 
able mechanical resonant circuits. In general, the mode of 
vibration and mechanical "Q" of these circuits produce the 
characteristic timbre or "tone quality" of any loudspeaker. 
The speed of sound in the paper pulp and its characteristic 
internal dissipation may be varied over a wide range in order 
to control mechanical "Q's" and influence nodal modes. 

It is the purpose of this article to discuss from a practical, 
intuitive viewpoint some of these fundamental problems. 
Among them are the following: (1) some of the more fa- 
miliar vibrational phenomena associated with cone behavior; 
(2) methods the speaker designer uses to control and "shape" 
the over -all response characteristics of a speaker; and (3) 
the theoretical and practical requirements of modern high - 
compliance woofers. 

While a great deal of material discussed here has been 
covered in depth in acoustical texts by Rayleigh, Morse, Mc- 
Lachlan, Olson, and others, it is felt that a non -mathematical, 
simplified treatment would be of particular interest to the 
audiophile who may only want to know why one loudspeaker 
sounds different from another and some of the constructional 
details that make these differences. 

A "felted" paper cone is manufactured by a flotation 
process in which paper pulp and water are drawn through 
an aluminum or brass screen. This is accomplished by a 
variable vacuum, which may be adjusted for both pressure 
and time. The screen is made from perforated aluminum or 
brass stock, which is spun to the precise shape of the cone. 
The deposit of pulp left on the screen is the embryonic cone. 
Variations of vacuum pressure, the time cycle, and the thick- 
ness of the pulp and water mixture in the tank produce 
varying characteristics. Further elements in controlling paper 
pulp characteristics involve the method of removing the wet 
cone from the screen, waterproofing treatments, and drying 
methods. For example, the use of a hot pressing die to force - 
dry the cone compresses the fibers and gives a characteris- 
tically lower internal dissipation, more pronounced nodal 
activity, and "peakier" response. 

Typical Cone Behavior 
Figure 1 shows a sound pressure versus frequency- response 

graph of a commercial ten -inch loudspeaker. While this 
speaker in no way represents what we would call "high fidel- 
ity," the behavior of the cone is typical in some ways of all 
cones. The measurements were taken in an anechoic cham- 
ber, substantially free of reflections down to about 70 cps. 
The microphone was placed 18 inches away from the speaker 
on its axis. The speaker was mounted in an infinite baffle 
large enough to avoid raising the bass resonance. 

The major response variations are indexed by letters which 
are keyed to the nodal pattern illustrations. Notice that the 
first discernible nodal patterns begin at a frequency almost 
three octaves above the major moving system bass resonance. 
Below this frequency output may be calculated on the basis 
of a simple electro- mechanical analogy. The rise in output at 
February, 1963 
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Fig. 2. Construction features and their effect on resaonse. 

ISKC. 

Identical speaker cone dies may produce a variety of charac- 
teristics through variations in pulp stocks. Cone on top is 
soft, wooly stock with die marks less apparent. Cone at bot- 
tom is considerably harder in finish with more compressed fibers. 

resonance (area A) will be determined by the mechanical 
"Q" of the moving system. Mathematically, speaker "Q" is 
defined as "Q" = 2c- f..M /R, where fo is the main bass reso- 
nance frequency. The components M and R are simplified 
representations of the combined moving -system mass (in- 
cluding the cone and voice coil) and the lumped resistive 
losses including air loading, radiation resistance, magnetic 
damping, and various mechanical viscous losses in the speaker 
and enclosure. 

If the cone mass is increased, and assuming everything 
else remains the same, the "Q" will increase. This means 
greater cone excursion at the primary bass resonance. 

The available magnetic gap energy affects three acoustical 
elements: (1) mechanical "Q" at the bass resonance and the 
shape of the voice -coil velocity curve; (2) output in the 
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Molded fabric edge suspensions employed in high -compliance, 
long -throw woofer designs. After assembly, fabric is treated 
with rubber or viscous compound to seal interstices of fabric. 

TOP PLATE 

VOICE -COIL WINDING 
OVERHANGS MAGNETIC 

GAP 

VOICE -COIL WINDING 
SHORTER THAN 

GAP 

/- - - - 
-- POLE PIECE 

-- CHAMFER 

Fig. 3. Construction at left shows moderate voice -coil diam- 
eter, long axial winding. There is a constant ratio between 
flux lines and voice -coil wire during long excursion. Con- 

struction at right shows a larger voice -coil diameter along 
with a shorter axial voice -coil winding and deep magnetic gap. 

Modern high -compliance woofer speaker using loop -type annu- 
lus and overhanging voice -coil design. Unit is typical of 

the loudspeakers used in present -day compact speaker enclosures. 

piston band; and (3) output in the bass range and the balance 
between bass and mid- range. 

Above resonance in area B it is assumed that the cone 
executes simple piston -like movements with all parts of the 
cone moving in phase. The response curve shape is deter- 
mined by the degree of control exerted over the bass reso- 
nance (as discussed above) , and by the mass of the moving 
system versus the electrical drive and motor efficiency. 
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In area C, output is reduced because the cone is vibrating 
out of phase in several areas. There are four or six nodal 
lines on the cone. These lines extend radially and separate 
several sections of the cone, each vibrating out of phase with 
the adjacent area. Radial nodes are associated with bending 
of the cone material in its weakest area near the edge. Deep 
straight -sided cones seem particularly prone to radial node 
activity. The design of the edge suspension also influences 
radial break -up. Edge dissipation of circumferential or radial 
nodes plus the suspension stiffening effect are significant 
factors in this response area. 

Complete elimination of this type of node is most difficult. 
The more obvious and violent manifestations of this include 
subharmonic "cone cry," which can be eliminated by judi- 
cious selection of cone shape, pulp, and reinforcing body ribs. 
However, low -grade variations of these nodes may exert a 

subtle influence even in the middle bass range. These varia- 
tions may involve only the outer area of the cone, and may 
be described as "edge flapping." They are prevalent in high - 
compliance woofer designs. A sound pressure response graph 
may or may not indicate their presence, but during violent 
cone excursions they may be observed under a strobscopic 
light through the use of lycopodium powder. 

The next major response variation (area D) is associated 
with the design of the edge suspension. If the edge suspension 
is wide with many folds in order to provide maximum cone 
movement for the bass frequencies, its own acoustical in- 
fluence will be felt. In our commercial ten -inch speaker there 
are two edge rolls, and the suspension is about %" wide and 
weighs 2.3 grams. The total cone mass is 6.30 grams. It can 
be readily seen that the edge suspension (accounting for 
about a third of the total cone mass) is likely to exert a signifi- 
cant influence on response. 

Middle and Higher Frequencies 

At frequencies above 370 cps the cone moves in phase out 
to the point where the paper bends in order to form the first 
edge roll. At this point a rolling action, involving only the 
small section separating the cone piston area from the edge 
suspension causes a rise in acoustical output between 450 and 
600 cps. The voice coil suddenly "sees" a reduced mechanical 
driving point impedance and the apex area is driven inde- 
pendently. The response hole after the peak occurs because 
the edge suspension moves out of phase with the piston area 
of the cone. The depth, width, and frequency of the edge 
hole is determined by the weight and compliance of the 
individual rolls comprising the edge suspension. In general, 
a compliant cone with many folds or rolls produces a more 
severe edge hole. Often a viscous fluid is applied to the edge 
suspension to eliminate or minimize the effect. However, such 
fluids may introduce viscous resistivity and mass that reduce 
efficiency. A broad, but not too severe edge hole may some- 
times be desirable. A "sway -back" curve with the 1000- to 
2000 -cps area depressed by perhaps 4 clb provides a "mellow" 
effect that may compensate for limitations in amplifier and 
enclosure construction. 

Response in area E is the key to maintaining a desired 
listening effect for any loudspeaker. The energy balance in 

this range makes the speaker sound either "harsh," "bright," 
"soft," or "mellow." To a large extent the designer can select 
the type of response he wants. Mechanically the controlling 
elements include: ( 1) voice -coil size; (2) the ratio between 
voice coil and cone mass; (3) cone shape and pulp stock; (4) 
cone body decoupling or stiffening rings; and (5) the dissi- 

pation characteristics of the annulus -suspension (the amount 
of acoustical energy traveling out to the cone edge that is 

reflected back into the cone versus the amount the annulus - 
suspension absorbs). 

Figure 2 shows the response -curve effects that are usually 
obtained by variations in these mechanical features. 

(Continued on page 82) 
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th_LEC IRONIC ANTENNA 
PROS and CONS /.n E,v symposium Conducted by CHARLES S. TEPFER 

Do integrated combinations have any special merit? 

Six leaders in antenna and booster design evaluate 

advantages and disadvantages for Electronics World. 

D I ?SPITE the periodic introduction of new designs, the 
TV antenna field has not been marked by any revolu- 
tionary developments in quite a while. In the past year 

or so, a significant innovation has given everyone something 
to talk about: the "electronic" antenna. 

To be sure, the term is not accepted everywhere in the 
industry. Some talk of the integrated amplifier- antenna, 
others of a booster simply mounted on the antenna, and still 
others of such coinages as a "Transis- Tenna." Whatever its 
naine, the product is being promoted and sold as something 
new in many quarters. Everyone who uses or deals with an- 
tennas wants to know exactly what the development means. 

To get the most authoritative information, ELECTRONICS 
\Wont.n has directly queried six leading sources. Since both 
a signal amplifier and an antenna are involved, whether or 
not design is integrated, manufacturers of both types of 
equipment were approached. Strictly as discussion "starters," 
the following four questions were put to them: 

1. \Why has it taken so long for antenna -mounted boosters 
to come into being? 

:2. Is there ally appreciable difference between an antenna - 
booster combination and a separate antenna with the booster 
mounted on the mast? 

3. Are there such things as boosters that are specifically 

designed for the antennas on which they are mounted? 
4. What are the differences between vacuum -tube and 

transistorized boosters? 
The answers were not only varied but, in turn, raised a 

number of other questions -and for these, too, there were 
many answers. For example, the "best" spot for the booster 
depends not only on noise level and matching, but on bow 
amplifier power is supplied and environmental considerations. 
(Should it be protected from the elements? Or is heat build- 
up indoors, as in an attic, less desirable ?) in turn, these 
factors depend on whether tubes or transistors are used. 
Which system affords the best dependability and /or the 
easiest maintenance? 

These examples merely suggest the multiplicity of relevant 
factors and the need to strike a balance when they clash. The 
disagreement in the answers is no indication that the industry 
doesn't know what ifs talking about. It rather illustrates 
differences in design philosophy. 

Instead of confusion, then, discerning readers will find the 
bases for choosing solutions that most closely serve particular 
reception needs. Is the level of signal or of noise the greater 
problem? How ninny sets will be feci? What are the physical 
characteristics of the building involved? And so on. The clues 
are scattered. But they are here. 

John R. Winegard 
President 

Winegard Antenna Systems 

MAST -MOUNTED antenna amplifiers have been avail - 
able for almost as long as TV itself. Although their ad- 

vantages for weak signal reception have always been well 
known, until recently their use had been very limited because 
of the lack of an ultra -low -noise amplifier at an economical 
price. The introduction of the 1Vinegard "Powertron" elec- 
tronic antenna, with its built -in amplifier, overcame former 
objections and set a new TV reception standard. 

In the early engineering of the "Powertron," it was found, 
from our many laboratory and field tests, that the only way 
to get maximum over -all performance and best system signal - 
to- noise ratio was to design the amplifier and the antenna 
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together. Our findings agreed perfectly with theory because, 
although most TV antennas and amplifiers are called 300 - 
ohm devices by their respective manufacturers, they are not 
that perfect. There is no such thing as an all -channel an- 
tenna that has an exact 300 -ohm impedance on all 12 v.h.f. 
T \' channels. Nor is there such a thing as a TV booster that 
has exact 300 -ohm impedance on all channels. 

It is common practice in the industry to call an antenna 
or an amplifier "300 ohms" if its voltage -standing -wave -ratio 
sloes not exceed 2:1 at any frequency involved when the 
device is connected to a :300 -ohm source or load. This degree 
of mismatch is normally of no consequence. However, when 
two such units are used together, the total mismatch can be 
as high as 4 to 1, and the results can be quite undesirable. 
The only way to eliminate this possibility is to design am- 
plifier and antenna together, so that variation in impedance 
characteristics from the design center is always under control. 

Simply mounting a good, universal, antenna amplifier on 
any conventional antenna will improve the signal -to -noise 
ratio of that system. But such a method can never be as 
perfect as that of a true electronic antenna, where an ultra - 
low -noise amplifier and a high -gain, all- channel antenna are 
engineered as one. (There is no price advantage either way.) 

\Ve manufacture both tube and transistor amplifiers for 
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the following reasons: While present transistors are as good 
as tubes as far as low noise and gain are concerned, their 
use is limited strictly to remote fringe areas because they 
will not work in areas that have a mixture of strong and 
weak signals. Transistors tend to overload and cause picture 
interference when the sum of all the TV and FM signals in 
an area is about 20,000 microvolts or more. Now it is pos- 
sible, with current transistors and circuits, to raise this input 
level somewhat by changing the bias voltage on the tran- 
sistor to a less than optimum value. This, however, results 
in less gain and, even more serious, a loss in noise figure. 
Existing tube amplifiers are immune to this overload prob- 
lem up to approximately 250,000 microvolts. 

We are introducing an electronic antenna that has a new 
ultra- low -noise amplifier with the amazing signal input of 
400,000 microvolts. When these are available, an electronic 
antenna can be used anywhere -even within a stone's throw 
of a TV station -without cross modulation and overload prob- 
lems. Removing this last limitation will, of course, further 
increase the popularity of electronic antennas by allowing 
their use in areas where a local transmitter is present. Many 
people in such areas would like to be able to pull in distant 
stations and need an electronic antenna. We will follow up 
with a similar antenna for FM. 

Electronic antennas answer another need in modern house- 
holds. There is a trend to two and three TV and FM sets 
in a home, plus the desire by many viewers to have the con- 
venience of antenna plug -in outlets in several rooms. The 
extra gain made possible by antenna amplification offsets 
the loss that occurs when splitting up an antenna lead -in to 
feed several sets or outlets. 

Edward Finkel 
Vice President, Sales 

JFD Electronics Corp. 

ACTUALLY, antenna -mounted boosters have been avail - 
able for several years. These units, however, were bulky 

and expensive. Engineers had to use several tubes (such as 
6J6 and 6AK5) and many more components to get satisfactory 
gain and bandwidth for all TV frequencies. The first break- 
through came with the introduction of the 6BQ7 and 6BK7 
tubes, used in cascode circuitry. Subsequently, frame -locked 
tubes, such as the 6DJ8, enabled the designer to use a single 
tube for a high -gain, low -noise circuit. It has only been dur- 
ing the past year or so that efficient, very- high -frequency 
transistors were manufactured at a price that makes possible 
an economical transistorized amplifier. 

There are some problems relative to boosters specifically 
designed for the antennas they are mounted on. As is well 
known, the impedance of an antenna varies more or less 
across its design frequencies. We found it economically im- 
practical to design an antenna amplifier to perfectly match 
this characteristic. Furthermore, the antenna characteristics 
also vary with height above ground, weather, and surround- 
ing objects in an unpredictable manner. 

The one advantage of the "matched" amplifiers is that 
they have presented to the public the concept of an "elec- 
tronic antenna." We make available a broad line of antenna - 
amplifier combinations, as well as the amplifier by itself. All 
amplifiers are designed for 300 -ohm input and output im- 
pedances. In this way, each user can match the appropriate 
combination to his precise area requirements. 

As for location, there are two basic advantages to an an- 
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tenna -mounted amplifier as against a mast- mounted type. As 
mentioned, it is almost impossible to match the amplifier in- 
put to the antenna precisely. If, at some frequency or fre- 
quencies, there is an appreciable mismatch, a length of line 
between amplifier and antenna allows a standing wave to 
be set up, and this can seriously affect the picture. At the 
same time, an incorrectly terminated short length of line can 
very easily act as a stub or trap to certain channels. 

Noise is the other important consideration. There is no 
way of preventing an antenna from picking up atmospheric 
and man -made noise. Consequently, the antenna's output 
consists of both desired signal as well as noise. But noise is 
also picked up by the transmission line; the longer the line, 
the greater the noise pickup. The booster, in turn, will am- 
plify whatever appears at its input; it cannot differentiate. 
So, for best signal -to -noise ratio and, consequently, least snow 
in the picture, the signal should be amplified before addi- 
tional noise is added to it. The best way to accomplish this 
is to amplify the signal at the antenna terminals. 

In terms of gain and bandwidth, there is little if any 
difference between a well -designed transistor booster and a 
vacuum -tube type. The major disadvantage of a tube unit 
is lack of reliability. Tubes necessitate more frequent replace- 
ment. Since they also require higher operating voltages than 
transistors, it becomes impractical to send both the high 
voltage ( 100 to 150 volts d.c.) and the low -voltage filament 
current through the transmission line to the amplifier. Thus, 
the power supply must be in the amplifier itself, increasing 
its weight and bulk, and making it more liable to expensive 
repair. Sensitivity to weather is another disadvantage of the 
tube -type booster. \Vater may enter the unit, when it rains 
or snows. The high d.c. voltages present may cause electrol- 
ysis and accelerated corrosion of metallic parts. 

Transistor boosters suffer from limited signal swing and 
increased tendency to cross modulation. A transistor, by its 
nature, cannot handle as wide a range of signal amplitudes 
as a vacuum tube. This can be overcome, however, by the 
proper choice of transistor. JFD uses the Amperex PADT -28, 
a post -alloy diffused type. This unit can handle signal levels 
up to about 25,000 microvolts in a properly designed circuit. 
Cross modulation can be controlled by the use of appropriate 
traps at the antenna. 

An important feature of a transistor is its extremely low 
power drain and, so far as the consumer is concerned, low 
operational costs. As a corollary to this, the transistor gen- 
erates much less heat and correspondingly less component 
breakdown. Finally, a transistor is much more resistant to 
vibrational breakdown than a tube. 

Don Rogers 
Manager 

Distributor Products Engineering 
Jerrold Electronics Corp. 

JERROLD 
has been making mast -mounted preamplifiers 

for almost a full decade. The first ones, developed for com- 
munity antenna systems, were called "De- Snower" preampli- 
fiers. The reason such units did not catch on with consumers, 
until the transistor models came along, is that they worked 
with coaxial cable and sold for well over $100. 

To offset these limitations, we brought out models that 
use either coax or twinlead and list for well under $100. 
This really started us in the consumer end of the market. 
However, it was only a relatively few months after that that 
we were able to come out with the "Powermate" transistor 
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amplifier. This dropped the price for an antenna amplifier 
from $89 list to $39 and enabled a simple and inexpensive 
installation. 

The difference in performance between transistor and tube 
boosters is slight. Both can be designed for approximately 
equal gain and noise figure. Transistor models tend to be 
simpler and more compact because they do not require as 
elaborate power -supply circuits and do not generate as much 
heat. On the other hand, the good r.f. transistors so far avail- 
able do not have the overload capabilities of tubes, which 
restricts their use in strong signal areas. 

In addition to the magic of the idea of transistors, there 
is the very real advantage that their probable life is well 
above that for ordinary receiving tubes. This reduced need 
for maintenance in a mast- or antenna- mounted device en- 
courages its wider use. 

There are small advantages in designing an amplifier as 
an integral part of an antenna, but these relate principally 
to optimizing the impedance match between the antenna 
and amplifier. Accordingly, we would expect the improve- 
ment over a well -installed, separate -amplifier arrangement 
to be less than 1 db. There are of course advantages in me- 
chanical simplicity. 

The improvement in TV picture quality from using a 
booster is either an increase in contrast due to the additional 
amplification or an improvement in signal -to -noise ratio due 
to improved noise figure, or both. No booster can improve 
the S/N ratio of the incoming signal at the antenna. It can 
only rescue the signal and amplify it so as to conserve that 
original S/N ratio, before the signal is attenuated by the 
lead -in transmission line. 

The noise figure of a device is the ratio of its output S/N 
ratio to that which would obtain with a perfect noiseless 
device. It is on the order of 5, 10, or 15 db for any practical 
TV set or booster. The problem is that the noise figure of 
the booster should be as low as possible to avoid worsening, 
and perhaps to improve the figure of the entire system. 

Advertising claims in the consumer market tend to be less 
specific than in the industrial market, where the appeal is 
made to technically trained people. In general, claims of the 
"up to" type are less trustworthy than statements of average 
gain, and these are less useful than statements of low noise, 
where the most reliable claim is one which states a maximum 
noise figure you can verify experimentally. 

The transistorized "Powermate" uses low- voltage a.c. rather 
than d.c. to power the preamplifier. There are three very 
good reasons for this: 

1. It .. ir, inates any and all nuisance associated with po- 
larity. This we have found to be a tremendous problem with 
consumers even when a switch is provided, because -wires 
become disconnected, switches get thrown, etc., and service 
calls are m.:de unnecessarily. 

2. By putting the filter and rectifier up in the preamplifier 
we protect the transistor against static discharges and similar 
voltage surges. 

3. We greatly reduce the possibility of corroding the ex- 
posed tvinlead terminals clue to electrolytic action that can 
talc, place when 1 constant d.c. voltage is present. 

There can also be small but very real advantages and dis- 
advantages in one type of neutralizing circuit, transistor, 
tr.m:;foimer core, etc., over another, but these depend to a 
groat 'xtent on the engineering considerations and how they 
ago i 1corporated into the circuit. Thus it is almost impos- 
sible to judge the relative merits of products employing them 
on the basis of such isolated criteria. Judgment must be 
based on the extra values really achieved, such as flatness of 
response, immunity to both low and high temperatures, long- 
time freedom from hum modulation, shielding between am- 
plifier and antenna, and ease of satisfactory installation. The 
important question is, "How does the unit perform in the 
field under operating conditions and over a relatively long 
period of time ?" 

As to the balance between performance and cost, there is 
an optimum installation for any receiving problem. To start 
with, there is no substitute for an antenna large enough and 
effective enough to capture a signal which is adequate at 
tlic top of the mast. But when we consider that the antenna 
array doubles in size for every 3 db increase in signal de- 
sired, it becomes obvious that, once the antenna is large 
enough to secure a good S/N ratio, we can add more gain 
for less money and less storm hazard by electronic methods. 
Thus we can overcome downlead and splitting losses and 
deliver a good signal to the receivers with a simpler and 
more satisfactory installation. 

I believe that this accounts for the increasing popularity 
of electronic antennas and outdoor amplifiers. 

Ben Tongue 
Vice President & Chief Engineer 

Blonder -Tongue Laboratories, Inc. 

IBELIEVE we were the first to introduce the mast- mounted 
transistor booster. \Vhy hadn't anyone ever done it before? 

Probably because reasonably priced, high -gain, low -noise 
transistors were not available until recently. It was also felt 
that it would be difficult, if not impossible, to neutralize a 
grounded- emitter transistor for the entire two- octave fre- 
quency range from 54 to 216 mc. Inadequately neutralized 
transistors are prone to oscillate when improperly termi- 
nated. Our model IT -3, an indoor transistor booster, was 
something of an engineering breakthrough. 

Once the IT -3 had proved its effectiveness, we dcidcd 
to design a mast -mounted unit. Our tube -powered, mast - 
mounted boosters are quite successful, and we thought that 
a transistor unit might be well accepted. 

One problem with transistor boosters is that they more 
easily overload than tube units. \Ve reduce cross modulation 
by placing an electrolytic capacitor between the base and 
emitter returns, but the problem persists. Since this method 
is not universally used, there are a few areas where some 
transistor 000sters will not work. These are areas where there 
are strong local signals in addition to desired weak ones. 

As for the claim that a built -in booster is more efficient than 
a separate unit, this is invalid when the separate antenna is 
truly designed for best average performance over all chan- 
nels into a 300 -ohm load. All good boosters, of course, are 
matched to 300 ohms. 

Another factor to consider is oscillation. If the output can 
couple to the input - more likely in built -in boosters - the 
amplifier will oscillate. Besides, a separate booster can be 
reached more easily for servicing and, if weather conditions 
destroy the antenna, the booster can still be used. Also, a 
separate booster can always be mounted indoors. 

On this last point, I feel it is a good idea to mount even 
a transistor booster indoors. In the first place, boosters are 
mast -mounted for only one reason: to improve the signal - 
to -noise ratio. Of course, every booster adds some noise, but 
if it is mast -mounted, it amplifies the signal before it is de- 
teriorated by the downlead. A hundred feet of downlead, 
when wet, can attenuate the signal by up to 10 db on chan- 
nel 13. Since the noise level remains about the same, the 
signal -to -noise ratio is affected adversely by this loss. So 
normally we say that the booster should be mounted as close 
to the antenna as possible. However, let's suppose that 20 
feet of wire would take us into the attic. Twenty feet of twin- 
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lead would only attenuate the signal by 2 db under the worst 
weather conditions. And 2 db is not enough attenuation to 
cause an easily discernible difference in picture quality. 
Therefore, you would be better off to mount the booster in 
the attic. One word of caution though: attics sometimes get 
very hot and transistors are sensitive to heat. A transistor 
booster should not be installed in areas where the tempera- 
tures may exceed 120 degrees F. 

Harold Harris 
Vice President, Engineering 

Channel Master Corp. 

THE development of new, low -noise v.h.f. transistors with - 
in the last year and a half has been the principal reason 

for the revived interest in TV boosters. Some earlier TV tun- 
ers used cascode circuits, which had a high -band noise figure 
of between 7 and 8 db. These were replaced about two years 
ago with circuits using the frame -grid tube, which has a noise 
figure of about 6 db. The transistors used in the new boosters 
have a still lower noise figure -about 4;í (lb. 

It must be remembered that the ability of a booster to 
improve picture quality depends not so much upon its gain 
as upon its noise figure. The noise figure must be below the 
noise figure of the TV set. The greater the difference, the 
greater the improvement in picture quality. Since most sets 
in current use employ cascode tuners (7 to 8 db noise), it 
is easy to see the tremendous improvement that a low- noise, 
transistorized booster (4;s db noise) can make. 

Of course, mounting the booster on the antenna goes a 
long way to improve the picture quality by eliminating the 
effects of line loss. which may be 2 db or more on the typical 
installation. Tube -type boosters overcome the line loss but 
do not necessarily improve the noise figure of the TV set. 
Transistorized boosters, on the other hand, not only over- 
come the noted line loss but also provide an approximate 3 db 
improvement in noise figure (with TV sets using cascode 
timers). Channel Master boosters are designed to provide 
the highest signal -to -noise ratios currently possible. 

The development of the low -noise transistor was also a 
great improvement because of its much greater reliability 
over electron tubes. This refers both to the transistor itself 
and the associated circuit components. 

For those who prefer it, we offer a packaged combination 
of antenna and booster. From the engineering standpoint, 
however, there is no unusual merit in such an arrangement. 
The chief advantage it might have is the fact that the output 
impedance of the antenna can be accurately matched to the 
input impedance of the amplifier. Yet the fact is that better - 
designed antennas are made to match -not a booster -but 
the 300 -ohm impedance of standard transmission line. 

Designing a booster to have an input impedance of that 
value is not difficult. Furthermore, the booster leads can be 
treated as an integral part of the input circuit, so that their 
effect can be predicted and included in the impedance meas- 
urement to insure a 300 -ohm system figure. This has actually 
been done in the case of some boosters, including our "Tel - 
star." I doubt that the advantages claimed for the matched 
booster -antenna combination would add up to 1 db. 

There are important differences among the power units 
used for antenna boosters and I would like to explain why 
we use our system. Our a.c.- to -d.c. converter is in the case 
behind the TV set, so we send d.c. up to the booster. We 
feel that the rectifier and associated components are the most 
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likely parts to need replacement after a long period of time. 
Mounting them at the antenna would be a hardship for the 
service technician and expense for the set owner. Also, there 
really is little problem of polarity reversal because, if a serv- 
ice technician installs the system, he will set it up so that 
the polarity is correct for the best picture (this is readily 
apparent). After that, there is really no reason for the set 
owner to make any change. If there is, he need only reverse 
the antenna leads at the power supply. D.c. at the booster 
terminals does not invite corrosion because the terminals are 
\veil shielded and in a water -tight case. Incidentally, because 
the case is water- tight, there is no reason to put the booster 
any place but on the mast or antenna. Water on the down - 
lead will not attenuate signal as much as some think, and 
attic heat may harm the transistor amplifier. 

All the foregoing tends to obscure the most important 
issue, which is simply this: good TV reception starts with 
a good antenna. There is no substitute for a good antenna. 
A booster should not be used as a "crutch" for an inadequate 
one. The reasons for this are simple. An antenna provides 
what might be called "pure" signal. There is no circuitry to 
generate noise. The purpose of any receiving antenna sys- 
tem is to pick up as much signal as possible. Then, and only 
then, are we ready to talk about amplifying this signal. 

Since good TV reception demands, first of all, the proper 
selection of a suitable antenna, this choice should be made 
solely on the basis of the best antenna available for a par - 
ticular reception problem. 

Once the proper antenna has been selected, it is then 
a simple matter to add a well designed booster, like the 
"Telstar," which has a very high signal -to -noise ratio. Further- 
more, the consumer who selects his antenna and booster sep- 
arately affords himself the advantage of full freedom of choice 
among the many different boosters on the market. And this 
is also important because boosters, too, differ in quality and 
features. From a mechanical viewpoint, this presents no 
problems. The booster can be attached quickly. 

L. H. Finneburgh 
President 

The Finney Company 

WHY HAS IT taken so long for mast- or antenna- mounted 
amplifiers to become popular? Probably the best an- 

swer is the wait for a satisfactory and reasonably low -priced 
transistor. It was difficult enough to replace tubes in a mast - 
mounted booster and, of course, the replacement of a tube 
in an antenna -mounted booster is even more difficult and in- 
convenient. Even with a transistorized amplifier, antenna - 
mounted, I believe it is intelligent to have the amplifier 
attached in such a manner that it can be easily removed if 
and when servicing is required. Likewise, I believe it is de- 
sirable to have the design such that, on those few occasions 
when the amplifier might require removal for service, the 
complete antenna is left intact and still usable for reception. 

Undoubtedly there is a slight theoretical difference be- 
tween an amplifier mounted at the antenna terminals and one 
mounted on the mast, since even a 3- or 4 -foot length of 
300 -ohm line connecting the antenna terminals to the input 
of an amplifier mounted on the mast would have some slight 
calculable losses. However, the losses of such a short length 
are extremely small and negligible. Therefore, if both the 
antenna and the amplifier are properly designed for 300 -ohm 

(Continued on page 92) 

ELECTRONICS WORLD 

www.americanradiohistory.com

www.americanradiohistory.com


SONY TRANSISTOR SUBSTITUTION DIRECTORY 
SONY NO CES NO 

TYPE AND 

SERVICE 

JAMrttMUAN 

NUMBER MFGR. 

2111, 2T12 

2115 -2117 

P -a.f. amp. 2N322 MOT, G -E 

2113 P -a.f. amp. 2N323 1 MOT, G -E 

2114 P-a.f. amp. 2N324 
1 G -E 

2121 P -a.f., I.s. 2N319 

2N320 

.MOT, G -E 

MOT, G -E 2722, 2725 P -a.f., I.s. 

2723, 2724 P -a.f., I.s. 2N321 MOT, G -E 

2726 P -a.f., I.s. 2N319 MOT, G -E 

2151 N -bc. con. 2N169A G -E, SYL 

2752 N -i.f. amp. 2N169A G -E, SYL 

2753 N -i.f. amp. 2N168A SYL 

2161 -2T63 

2764, 2T64R, 

N -a.f. amp.d. 

2766, 2T66R, 2767 

2N647 RCA 

2165, 2T65R, 

2769 N -a.f. amp., I.s. 2N647 RCA 

2773, 2T73R N -bc. r.f. amp., 
con., mix., osc. 

2N168A SYL 

2774 N -bc. con. 2N168A 

2N169 

SYL 

2T71, 2T72, 

2T75, 2T75R, 

N -i.f. amp. G -E 

2776, 2T76R, 2777, 2T77R 

2T78R N-ci., r.f., g. 2N167 G -E 

2182 -2186 N -a.f. amp., I.s. 2N576 SYL 

21201 2SA121, 

2SA123 

P -r.f. amp., 
con., mix., osc. 

2N384 RCA, SYL 

21203 2SA124 P -FM amp., con. 
mix., osc. 

2N384 RCA, SYL 

21204, 21205 P-ci., r.f., g. 2N384 RCA, SYL 

21204A, 

21205A 

P-ci., r.f. amp. 
mix., osc. 

2N384 RCA, SYL 

21311, 21312 2SB48 P -a.f., I.s., d. 2N322 MOT, G -E 

SONY NO. CES NO 
TYPE 

SERVACED 

AMERICAN 

NUMBER MFGR. 

2T313, 27314 2SB49 P -a.f., I.s., d. 2N323, 

2N324 

MOT. G E 

G -E 

27315 2SB50 P -a.f., I.s., d. 2N508 MOT, G -E 

21321, 27322 2SB51 P -a.f., I.s. 2N319 

2N320 
MOT, G -E 

MOT, G -E 

27383 2SB53 P -I.n., a.f., 
I.s. 

2N526 MOT, G -E, SYL 

21501 N -a.f., p 2N326 SYL 

21511 -21513 N -bc. con., mix. 2N169A G -E, SYL 

21520 -21523 N -i.f. amp. 2N169A G -E, SYL 

21551 N -r.f. 2N168A SYL 

27552 N -r.f. amp. 2N169A G -E, SYL 

27681 N -I.n., a.f. 
amp. 

2N647 RCA 

27682 N-ci., sw. 2N585 RCA, GI, SYL 

21701 N-con. 2N168A SYL 

212001 P-con. 2N384 RCA, SYL 

213011 2SB140 P -ci., a.f., p. 2N301 RCA, SYL 

213021 2SB141 P-ci., a.f., p. 2N301A RCA, SYL 

RCA, SYL 

RCA, SYL 

213030 2SB142 P -a.f., p. 2N301 

213031, 

213032 
2SB143 P -a.f., p. 2N301 

213032, 

213033 

2SB144 P -a.f., p. 2N301 RCA, SYL 

2SB27 P -a.f. p -amp. 2N176 MOT, RCA 

RCA 2SB28 P -a.f. p -amp. 2N351 

2SB29 P -a.t p -amp. 2N376 RCA 

2SC15 N -ci., vhf.osc. 2N1564, 

2N1565 

TI 

RAY, TI, SYL, 2SC191- N -ci., r.f.amp. 2N332- 

HITACHI TRANSISTOR SUBSTITUTION DIRECTORY 
NUMBER TYPE AND SERVICE 

AMERICAN 
NUMBER TYPE AND SERVICE 

AMERICAN 
NUMBER 

1 MFGR. NUMBER MFGR. 

2SA12 

2SÁ13 

P-455 kc. amp. 2N218 RCA 

RCA 

2SB76 

2SB77 

P -cl. A a.f. amp. 2N406 RCA, SYL 
t1 

2N410 P -I.s. a.f. amp. 2N217 RCA, SYL 

2SA15 P- 540 -1640 kc. con. 2N219 RCA 2SB78 - N408 RCA, SYL 

2SA16 
II 

2N412 RCA, SYL 2SB83 P -p. a.f. amp. and sw. 2N301 RCA, SYL 

2SA80 P -s -w con. 2N370 RCA, SYL 2SB84 2N301A RCA, SYL 

2SA81 P -s -w local osc. 2N371 RCA 2SB89 P -I.s. a.f. amp. 2N270 -5 RCA 

2SA82 P -s -w mixer 2N372 RCA 2SB183 P -cl.A, a.f. amp. 2N105 RCA 

2SA83 P-455 kc. amp. 2N373 

2N374 

2N578 

2N579 

RCA, SYL 2SB184 P -I.s. ai. amp. 2N105 RCA 

RCA, GI, SYL 2SA84 P-540-1640 kc. con. RCA, SYL 2SC89 N -m.s. sw. 2N585 

2SA208 P -med. speed sw. GI, RCA 2SC90 
II 

2N1090 GI. RCA, MOT 
2SA209 GI, RCA 2SC91 2N1091 RCA. GI 

2SA210 
Il 

2N580 GI, RCA 2SD75 N -cl. A a.f. amp. 2N1010 RCA 

2SA211 
II 

2N581 GI, RCA 

TI, RCA, MOT, SYL, 

G -E, RAY, GI 

2SD77 N -I.s. ai. amp. -N647 RCA 

2SA212 2N404 2SD120 N -h.p. sw. ?N1480 RCA 

2SD121 2N1482 RCA 

2SA217 
Il 

2N582 GI, RCA 2SD122 2N1484 RCA 

2SB68 P -h.v. sw. 2N398 SYL. MOT, RCA, GI 

RCA 

2SD123 2N1486 RCA 

2SB73 P -I.n., a.f. amp 2N220 

2N215 

2SD124 'r 2N1488 RCA 

2SB75 P-cl. A a.f amp. RCA 2SD125 'r 2N1490 RCA 
*CES-Communication Engineering Standard 
P -" -n -p "; N- "n -p -n "; con.- converter; mix.- mixer; osc.- oscillator; 
a.f., I.s. -audio frequency, large signal; a.f., d. -audio frequency, driver; 
a.f., p. -audio frequency, power; ci.- computer -industrial; I.n. -low 
noise; sw.- switching; bc.- broadcast; r.f. -radio frequency; r.f., g.- 
February, 1963 

radio frequency, general use; amp.- amplifier; s -w- shortwave; h.v.- 
high voltage; m.s.- medium speed;h.p. -high power; MOT -Motorola, 
G- E- General Electric, SYL -Sylvania. RCA -Radio Corp. of America, 
GI- General Instrume-it Corp., RAY -Raytheon, TI -Texas Instruments. 
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Elect i vii / agi / clic Delay Lines 
By SIDNEY L. SILVER / B. Eichwald & Co. 

II hen lul.. ' .i nni.. must have a precise, short tinte lag, 
artificial transmission lines or delay cables are used. 

Here i.. how these devices operate and their applications. 

IN 'HIE complicated circuitry of modern communications 
systems, it is commonly required to delay a signal or 
information for precise time intervals. Devices such 

as radar systems, computers, guided missiles, television syn- 
chronizing generators, pulse -forming networks, and tele- 
metering systems all require delay lines to control the time 
position of information. 

Delay circuits are also used to synchronize sweep circuits 
and time -base calibration in oscilloscope and sweep genera- 
tors. To obtain the desired timing and sequence of operation, 
a master signal or pulse is delayed by means of some elec- 
tronic or mechanical device which has a definite period of 
transmission between its input and output. An electronic 
circuit which performs this function is called a delay line 
or storage network. 

Basically, a delay line is a passive network that retards 
or delays an electric signal for a specific length of time, 
usually in the microsecond range. The type of delay circuit 
employed depends on the characteristics of the data to be 
delayed and the time delay required. Purely electrical devices 
are practical for short delays in the .1- to 20- microsecond 
range because of the long paths required at the high velocity 
of electrical propagation. This article restricts itself to the 
electromagnetic type of delay line, which falls into three 
basic categories; the lumped -constant delay line, the distrib- 
uted- constant delay line, and the delay cable. The electrical 
characteristics of each type may overlap, inasmuch as the 
basic principles for all types of electromagnetic delay lines 
have much in common. 

Lumped-Constant Delay Lines 

In its simplest form the lumped- constant delay line is com- 
posed of a series of low -pass filter sections with mutual in- 
ductance between the successive sections. The time required 
to charge the capacitance through the inductance in the 
network results in a time delay or phase shift. As shown in 
Fig. 1. the series inductors and the shunt capacitors are 
lumped together to simulate the distributed characteristics 
of a real transmission line. In effect, the lumped-constant 
delay line is an artificial transmission line which has been 
compressed in a small volume. A true transmission line has 
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almost no deterioration of frequency response Ttp to hundreds 
of megacycles. However, an artificial transmission line has 
characteristics similar to a low -pass filter, insofar as such a 
filter tends to reject all frequencies higher than the cut -off 
value. For this reason, a large number of filter sections are 
used in the line so that the cut -off frequency is more sharply 
defined. If an insufficient number of sections are used, the 
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Fig. 1. IA) A lumped -constant delay line with mutual coupling 
IBI Delay line with optimum mutual coupling between section parts. 

Fig. 2. IA) Distributed- constant delay line. IBI Line with compen- 
sating capacitors. IC) Distributed -line construction technique. 
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cut -off frequency of the line is low so that the bandwidth 
is restricted. 

One problem in a delay line, which is not apt to arise in 

a true transmission line, is that the time delay in an artificial 
line may vary with frequency. This condition is best con- 
trolled by adjustment of the mutual coupling between the 
two halves of each section, as well as the mutual coupling 
between adjacent sections. Fig. 1B shows such an arrange- 
ment where the mutual coupling is calculated to be at its 
optimum value to give linear phase response. 

Distributed- Constant Delay Lines 
The same principles that govern lumped- constant units 

apply to distributed- constant delay lines. As shown in Fig. 2A, 
the capacitance and inductance are distributed along the line 
to more closely approximate the transmission line. The coil 
provides a continuous inductance along the line, and the ca- 
pacitance is obtained between the coil and the ground plane. 
Time delay of a signal is accomplished by storage in the mag- 
netic field of the coil and in the electrostatic field between the 
coil and ground in close proximity. These two parameters also 
comprise the mutual coupling between any two parts of the 
line and the capacitance between them. 

If a low frequency is fed into the delay line, the amplitude 
and direction of the current will be the same, with the com- 
mon magnetic field producing a large value of inductance. If 
the frequency is sufficiently high, there is a reversal of the 
direction of the current because of the delay in the line. Since 
the time delay is dependent on inductance, this apparent loss 
of inductance will result in a shorter delay time. One method 
of minimizing this variation in time delay is indicated in Fig. 
2B. Compensating capacitors are added to the winding in 
such a manner as to increase the high- frequency delay time. 
The coupling between turns having a different phase relation- 
ship is thereby reduced, so that the bucking effect is negli- 
gible. This type of compensation reduces the bandwidth of 
the line. clue to the attenuation of high frequencies caused by 
the high impedance of the parallel -tuned circuit. However. 
careful adjustment of these capacitors will yield a constant 
delay time over the usable frequency range. 

Fig. 2C illustrates the construction of a distributed- constant 
delay line. The line normally consists of a multi -layer coil of 
insulated wire around a ceramic rod that has been coated with 
a conductive material, such as silver, to provide a ground con- 
ductor pattern. The rod is covered with a thin layer of dielec- 
tric, such as Mlylar or Teflon. The entire unit is then encapsu- 
lated to resist moisture and vibration. Fig. 3 shows a group of 
distributed -constant delay lines employed in pulse work, 

Fig. 3. Distributed -constant lines mounted on printed circuit. 
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Fig. 4. Cutaway diagram showing construction of delay cable. 
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Fig. 5. (Al Properly terminated line. IB) Time -delay relation. 
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Fig. 6. (A) Open -circuited line. IBI Output pulse produced. 

mounted on a printed -circuit assembl\ . These lines are de- 
signed for short delay intervals and t)nl% idc a high ratio of 
delay -to- pulse -rise time, in minimum space. 

Delay Cables 
Essentially, the delay cable is a distributed- constant delay 

line with a much longer winding for a given delay. Conse- 
quently delay per inch is very small and the cut -off frequency 
characteristic is such that the attenuation increases gradually 
with increasing frequencies. Practical delays may vary from 
a fraction of a microsecond to 20 microseconds. Within these 
limits, any delay period can be obtained by cutting and cali- 
brating the line. 

Fig. 4 shows a cut -away view of the delay cable. The flex- 
ible magnetic core carries the closely wound inner conductor. 
A low -loss dielectric, such as polyethylene, is applied over 
the inner conductor in the form of overlapping tape. The outer 
conductor consists of parallel wires which are spirally wound. 
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Fig. 7. IA) Short- circuited line. (B) Output pulse produced. 

Finally, a polyvinyl jacket is extruded o\er the cable core. The 
cable is cut to any desired length and endcaps are molded to 
each end to provide a humidity seal. 

Theoretical Considerations 
Normally, delay lines are used for step functions (pulses) 

and square \vaN es rather than sine %vases. Since step function 
are composed of a fundamental and odd harmonics, these fre- 
quency components must be delayed equally to assure mini- 
mum pulse shape (listo)tion. In a properly designed delay 
line, the sum of the frequencies and phase angles which com- 
prise the output pulse will assume the form of the input pulse 
as closely as possible. 

A delay line may be defined by three properties: its cut -off 
frequency, its equivalent length, and its characteristic imped- 
ance. 

The frequency response (3 -db points) may be related to 
the pulse rise time by the equation: B\V =.36/T,. where B\V 
= bandwidth in megacycles, T. =rise time in microseconds. 
Equivalent length is usually expressed as a delay time equal to 
the time taken to traverse the network. This is given by: T.,= 

\ LC. where T.r time delay in seconds, V number of sec- 
tions, L = inductance per section in henrys, and C =capaci- 
tance per section in farads. 

The characteristic impedance of a delay line is found by 
the formula: Z.. L C where Z= characteristic impedance 
in ohms, L- inductance per section in henrys, and C = capaci- 
tance per section in farads 

A delay line, if terminated in its characteristic impedance 
(Z..) at the receiving end and properly matched to its source 
impedance (Z.) at the sending end, will reproduce at its out- 
put a waveform applied to its input terminals. Fig. SA shows 
a properly matched delay line where the input voltage is dis- 
sipated in the terminating resistance without reflection. The 
input waveform shown in Fig. 5B is reproduced at the output 
terminals with negligible distortion and with a time delay 
determined by the electrical length of the line. 

If a delay network terminates in a short -circuit or open - 
circuit, multiple reflections of the waveform occur back and 
forth along the line. Reflections generally are undesirable. but 
for special applications such as pulse -forming circuits, they can 
be used to advantage. Fig. 6A indicates a delay line properly 
terminated in its characteristic impedance at the sending end 
but unterminated at the receiving end. A delayed pulse ap- 
pears at the receiving end and an additional pulse of the saine 
polarity is reflected to the input terminals. The reflected pulse 
is delayed by two times the total delay of the network, as 
given in Fig. (iB, which is the time required for a pulse to 
travel to the end and back. 

If the receiving end of a delay network terminates in a 
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short -circuit, no pulse appears at the receiving end, but an 
inverted voltage pulse is reflected back to the input. Fig. 7A 
shoes a delay line properly terminated in its characteristic 
impedance at the sending end but short -circuited at the re- 
ceiving end. When the reflected wave reaches the sending end 
it is absorbed in the matching termination. The resultant time 
interval, as given in Fig. 7B, between the original pulse and 
its delayed counterpart, is equal to twice the total delay of 
the network. 

Variable Delay Lines 
According to application, it may be necessary to provide 

for a variable tinic delay while maintaining a logy attenuation 
at high frequencies. \\'here high delay -to- rise -time ratios are 
required, lumped- constant delay lines can be tapped at differ- 
ent points to give a series of delays. A common method of con- 
necting a variable tapped delay line to a high -impedance out- 
put is shown in Fig. 8A. The output impedance should be 10 
times or more the impedance of the line, to minimize reflec- 
tions from the line back to the source. 

In Fig. 8B, the line is connected for a low output imped- 
ance. The source is fed into the line tap and sees one -half the 
characteristic impedance of the line. \laximum power transfer 
without reflections is obtained when the source impedance is 
equal to one -half the load impedance ( Z..) . 

if the load impedance is capacitive, as in the input of a 
tube, a compensating network should be added to provide a 
constant impedance over the desired frequency range. Fig. 
8C shows a half- section of low -pass filter, consisting of the 
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Fig. 8. (A) Variable tapped delay line for high -impedance out- 
put. (B) Connection for low- impedance output. IC) If the load 
is capacitive, a series inductor is added to line as shown. 

Fig. 9. Step variable (insertion) delay -line configuration. 
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Fig. 10. IA) Continuously variable delay line. (Cl Series connec- 
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Fig. 1 1 . Simplified schematic 
of delay network used in scope. 

20- SECTION LUMPED - 
CONSTANT DELAY NETWORK 

TO VERT. 
-OUTPUT 

AMP. 

(EFFECTIVELY 
OPEN) 

Fig. 12. Delay line employed to form a narrow output pulse. 

tube input capacitance and an added inductor in the termina- 
tion of the line. Where high -impedance delay lines are used, 
more elaborate compensating networks are required to pro- 
vide a constant over -all delay response. 

In applications where a tapped line cannot be used, be- 
cause of the high impedance required at the tap, an insertion 
or step -type of variable delay line is employed. As shown in 
Fig. 9, the switch selects the number of LC networks con- 
nected in tandem, so that a desired amount of time delay can 
be secured. Since each delay setting is a complete (lela% line, 
the external load can be matched to the impedance of the line. 

Where variable time delay with a small resolution time is 
required, a continuously variable delay line is employed. Fig. 
I OA shows a distributed- constant delay line using a continu- 
ous solenoid with a slider arm wiping along the coil. The 
movable contact can travel from one end of the line to the 
other, picking up the signal at any point along the line. The 
resolution time may be defined as the smallest incremental 
time delay that can be achieved. 

For longer delay, two or more delay lines can be connected 
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in series whenever their characteristic impedances are equal. 
in this case, the total time delay will be the sum of each indi- 
vidual unit and the rise time will be equal to the square root 
of the sum of the squares of the rise time of each unit. Fig. 
1OB shows a delay network consisting of a stepped variable 
delay line and a continuously variable delay line. The former 
serves as the coarse control for time variation, while the lattet 
serves as the fine control. To minimize reflections, the input 
terminal should be coupled to a source impedance equal to 
one -half the characteristic impedance of the variable line. 

Delco -Line Applications 
An important function of delay lines is their use in the ver- 

tical deflection system of wide -band oscilloscopes and svn- 
chroscopes, to permit complete viewing of the leading edge of 
steep -fronted pulses. The time delay, usually in the ';- to 
microsecond range, is sufficient to delay the input signal be- 
fore it reaches the vertical deflection plates. This pe:teits the 
time -base voltage to be feci to the horizontal deflection pintes, 
so as to start the sweep before the input signal is superimposed 
upon it. Such action is important in the observation of random 
pulses and transients where it is necessary to follow the com- 
plete variation of the input signal. Fig. 11 shows a Jumped - 
constant delay network consisting of 20 in- derived sections 
used in the vertical amplifier of an oscilloscope. By using an 
optimum vaine of mutual coupling, uniform time delay is 
obtained for frequencies well above the cut -off of the vertical 
output amplifier. To obtain smooth impedance matching be- 
tween sections of the network, trimming capacitors our em- 
ployed. In this application, the network must be properly 
terminated in its characteristic impedance to avoid reflections. 

A common method of pulse generation in microwave radar 
s\ stems is illustrated in Fig. I 2. In order to transmit short 
bursts of r.f. energy, the radar transmitting tube is modulated 
by rectangular pulses of short duration. These pulses are 
formed in a delay network terminating in a resistance much 
greater than the characteristic impedance of the line. Nor- 
mally the amplifier tube is in a non -conducting state until 
triggered by the positive input pulse. At this instant plate 
current increases sharply and establishes a voltage wave be- 
tween cathode and ground. The voltage travels down the line 
and upon reaching the effectively open end, is reflected back 
to the cathode without change in polarity. This sudden in- 
crease in cathode voltage is sufficient to cut off the tube. Thus, 
the leading edge of the output pulse is formed as the tube 
starts to conduct and coincides with the leading edge of the 
grid pulse. The trailing edge of the output pulse is formed as 
the delay line cuts off the tube and bears no relationship to 
the grid voltage. After the tube is cut off, the delay line 
slowly discharges through the terminating resistor until the 
cathode voltage becomes sufficiently low to allow the tube 
to conduct, or until a trigger pulse again drives the tube into 
conduction. 

Delay lines are commonly used in decoding units of missile 
guidance systems. To extract the intelligence transmitted by 

(Contintu' l on page 99) 
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Fig. 13. Circuit diagram of a pulse -width discriminator. 
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REGEIVI \G TUBE 
GRID CURRENT 
By A. SZILASI/ Mgr. of Engineering, Westinghouse Electric Corp. 

e Four different kinds, each with its own causes and 
effects, can be separately identified and measured. 

I\ DIN ICES built to check receiving tubes, there is an 
increasing tendency to include one test that may ap- 
pear to be unnecessary or, at least, of little importance: 

the measurement of grid current. The allowable limit may 
be as little as one or two microamperes, which may strike 
some people as being severe. Since plate current is often 10 

ma. or more, a change in the grid current of less than one one - 
ten thousandth of this amount seems of no importance. 

To understand the effect of grid current, we have to re- 
member that the electron tube, as normally used, serves as a 

device %with a very high input resistance. This value is meas- 
ured as the damping effect of the input on preceding dr- 
cuity that feeds into it. For example, it would not make much 
sense to design a circuit with a very high "Q" and then follow 
it witli a parallel resistance -like the input of the next stage- 
that is small. We would lose the advantages of the high -"Q" 
design. This need to maintain a high input resistance is the 
reason that the grid is usually connected to ground or to 
the tube's cathode through a high- value, external resistor, 
which may be as much as 2 or 3 megohms. The presence of 
grid current effectively lowers the input resistance. 

Where no tuned circuit precedes the tube's input, grid 
current may still change loading on the foregoing circuit 
and can also affect operation of its own stage. \ \'hen the 
current exists, it will produce an additional voltage drop 
across the grid resistor. This is not an effect produced by 
signal current, which may be normal and desirable; it is 

purely a d.c. effect independent of signal. 
if the grid current is very small, we can either disregard 

the d.c. effect or compensate for it by adjusting bias accord- 
ingly. in the case of higher grid current, however, there is 

danger that it will change during the life of the tube and, as a 

result, a shift in characteristics will occur. In addition, there 
is something of a problem when the tube has to be replaced. 

Tube engineers distinguish four kinds of grid current, 
each v ith its own causes and effects. They can be present 
simultaneously, but one will usually overshadow the others. 
One of these is identified as a positive grid current; the three 

others are all negative, albeit produced in different ways. 

Positive Grid Current 
When a grid is positive with respect to the cathode or 

only slightly negative ( by less than 1 volt) , its relationship 
to the cathode is somewhat like that of the tube's plate. Some 
of the cathode- emitted electrons will go to the grid, as they 
normally flow to the plate. To complete the circuit (Fig. 1A), 
they will go from the grid through the grid resistor to ground, 
and thence back to the cathode. 

Since the effect of this phenomenon, as we shall see, is 
to make the grid more negative, it may seem confusing to 
identify it as positive grid current. Nevertheless, the con- 
ventional concept of current flow holds that it moves in a 

direction opposite to that of electron movement. Thus this 
current, conceived as moving from grid to cathode, is con- 
sidered positive. 

To account for the effect on grid voltage, consider the 
flow of electrons from the grid itself through the grid resistor 
to ground. \\'ith this direction of movement, the drop across 
the resistor is such that the ground end, away from the 
grid, is less negative or more positive. The grid end is more 
negative. (Compare this to voltage at the plate of a tube, 
which is more negative than the voltage on the side of the 
plate dropping resistor that is away from the tube. Here, 
too, electron movement is away from the tube's electrode, 
back to the supply.) 

With most conventional tubes, this positive grid current 
will disappear altogether if we apply 1.5 volts or more of 
negative bias to the grid. The latter electrode then repels 
rather than attracts electrons. In some circuits, however, this 
positive grid current is desirable. It may be used, for example, 
to produce automatic bias across a grid resistor. This tech- 
nique is often found in oscillator circuits. 

Gas Current 
Most often, when grid current is mentioned, we think in 

terms of a current in a negative direction, opposite to that 

EMITTING 
DEPOSITS 

(A) 

50 

(C) D) 

Fig. 1. Inadequate bias causes IA) "posi- 
tive" grid current. Some cathode - 
emitted electrons are attracted to the 
grid, return to ground through external 
resistor. "Negative" grid current may 
be caused by IB) positively ionized gas 
particles that draw electrons from grid, 
ICI matter deposited on grid, or (DI 
leakage from grid to another electrode. 
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just described. One such type is gas current. This is always 
due to an imperfect vacuum in the tube. 

Even with the best exhaust techniques in manufacture, 
there will be some gas molecules left in a sealed -off tube. 
When these are struck by fast -moving electrons during op- 
eration, they tend to ionize positively by surrendering elec- 
trons that go to the plate. The ions are attracted to the 
negative grid, from which they take on electrons that have 
moved np through the external resistor ( Fig. 1B). Since the 
direction of movement at the grid is opposite to that in the 
case first described, negative current is involved. 

in conventional terms, the positive charge moves away 
from the grid, through the grid resistor and ground, hack 
to the cathode. This makes the grid end of the resistor more 
positive than the ground end. The bias thus produced will 
consequently counteract the normally applied negative bias. 

Certain conditions of circuit operation will influence the 
value of gas current. The velocity of emitted electrons is a 
key factor. since this will affect the degree of ionization. 
Velocity, in turn, is influenced by the levels of plate and 
screen voltage. Total emission current also affects gas -current 
value. If the cathode connection is disrupted, for example, 
gas current must disappear. 

Normally tubes display eery little or even immeasurably 
small gas current. The value may be .5 microampere or less. 
High values, of course, indicate loss of vacuum. Furthermore. 
the undesired effect can build itself up. The resultant re- 
duction in bias can permit a substantial increase in plate 
current. Plate temperature then rises, and additional gas 
is thus released from the plate metal, increasing gas current 
still further. This avalanche effect can lead to arcing and 
destruction of the tube. 

Grid Emission Current 
To obtain emission, cathodes are coated with such materials 

as barium .which, when heated, release electrons. Sometimes 
a quaiitit of barium will be evaporated from the cathode and 
deposit on the grid. if the grid itself rises to a certain tempera- 
ture. it can then act like a cathode, albeit a rather poor one. 
It will emit electrons that tend to move toward the positi\ el 
(barged tithe electrodes (Fig. IC), such as the plate of a tri- 
ode or the plate and screen grid of a pentode. 

From the plate and screen -grid circuits, these electrons will 
return to ground. then move up from ground and through the 
grid resistor back to the grid itself. Since grid current is in the 
same direction as when gas exists, it is another form of nega- 
tive current and the voltage drop across the resistor tends to 
make the grid more positive. 

Heating of the grid is necessary to produce such emission. 
Thus cathode temperature and plate dissipation are the two 
principal contributing factors. A small reduction in either of 
these produces a considerable reduction in emission -caused 
grid current. The value of grid bias, however, has little effect 
where emission is a factor. Considering the magnitude of posi- 
tive voltages normally applied to plates and screen grids (100 
volts or more), a bias change has little effect on the potential 
difference between control grid and plate or screen grid. 

Grid Leakage Current 
A conducting bridge can be formed between the grid and 

some other electrode in the tube. Sometimes this is a metallic 
deposit on the mica spacer, connecting the grid holes and 
some other electrode inserted into the mica. Sometimes the 
bridge is formed by sublimation on the glass of the stem. Since 
the grid is normally the most negative point in the tube, elec- 
trons will move from it. The direction of conventional current 
will once more be away from the grid -negative- making the 
grid more positive. 

Stich leakage can be represented by an ohmic resistor be- 
tween the elements involved. Grid-to-plate leakage is illus- 
trated in Fig. 1D. When the tube is out of its circuit, there- 

fore, leakage is often independent of the direction of current 
and can be measured even in a cold tube without heating the 
cathode. Its value varies little with temperature. 

flleasu rem ent Techniques 
The simplest, most straightforward way of measuring grid 

current is by inserting a microammeter between the grid and 
the bias source, or between the grid and ground if cathode 
bias is used. A grid resistor in series with the microammeter is 
not necessary for this test, but is advisable for protecting the 
instrument in the event of a short. 

The meter polarity will distinguish between positive and 
negative grid current. In the case of positive grid current. as .n 
Fig. 1A, the negative pole of the meter must be connected to 
the grid to obtain a reading; in the case of negative grid cur- 
rent, the positive pole of the meter connects directly to the 
grid. 

Positive grid current should disappear after the bias is in- 
creased beyond - 1.5 volts. If it persists after application of 
a higher negative bias, it must be assumed that an a.c. signal 
is superimposed over the (i.e. bias, driving the grid into the 
positive region. This signal can originate from an outside dis- 
turbance or from oscillation in the tube under test itself. Un- 
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Fig. 2. The four types a grid current as functions of bias. 

wanted a.c. must be suppressed, or the test readings become 
meaningless. 

Negative grid current can usually be measured once the 
positive current is eliminated; that is, if sufficient bias is ap- 
plied to the grid. Since the vanes are normally quite small, 
the sensitivity of the meter should allow for measurements 
down to .l microampere. 

A d.c. v.t.v.m. with very high input resistance can be used 
as an alternate measuring instrument. The voltage drop pro- 
duced by grid current across the grid resistor is measured and 
Ohm's Law is used to determine the current. The high -im- 
pedance microammeter is essentially the same as the v.t.v.m., 
with the difference that no additional resistor has to be in- 
serted between grid and ground and that calibration is 
directly in microamperes. 

An indirect method of determining grid current, the bias 
shift measurement, makes use of the tube under test as a kind 
of vacunin -tube voltmeter in association with a meter move- 
ment. With no resistor in the grid circuit, a current meter is 
inserted in the plate circuit and plate current is noted. A re- 
sistor is then placed in the grid circuit. If grid current is now 
present, the bias will shift and plate current will also change, 
in a direction depending on the direction of bias change. A 
negative grid current (grid more positive, Fig. 1B, C, or D) 
will produce a plate current increase; a positive grid current 
( grid more negative. Fig. 1 A ) will decrease plate current. The 
plate current change is determined by the following formula: 

(Continued on page 84) 
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Sin gic 
S idcb' ad 

Simplified 
By R. E. BAIRD, W7CSD 

Head. Electronics Dept.. Oregon Technical Institute 

.1 basic look for 
the hum or rommnnientions 

I erhnirinn 

r 

nnd u non-mnthemnlirn description 
of SS/t with rector.. 

THE woods are full of Ii:uns with SSB transmitters. Some 
of these are people %, i t l t five thumbs on each hand for 
pushing buttons. They can also read directions as to 

what to do after turning dial "A," adjusting meter "B," and 
pushing switch "C." Let's hand it to the commercial boys for 
putting out a product that the non -technical ham can operate 
without spreading chaos over the whole band. 

However, there are many hams who would really like to 
know just what is taking place in their rigs -whether "store - 
bought" or constructed from plans published in a magazine 
or handbook. While it is comforting to know that the equip- 
ment is working all right, there are some hams who would 
also like to know what they are doing and why. 

This article is presented in the hopes of removing a little 
of the fog surrounding the subject of SSB. We are not going 
to try to develop any exotic circuitry. We will discuss circuits 
that are both commonly used and easy to understand. The 
more complex circuits are simply elaborated versions of the 
basic theory -so it makes sense to learn the simple circuits first. 

Little Known Facts About AM 

Before diving off the deep end to start an exploration of 
SSB, perhaps it would be well to review what we know (or 

Fig. 1. Carrier and sidebands shown separately and in combination. 
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don't know) about A \l. At the risk of becoming very unpop- 
ular, we are going to disillusion a few people about some 
things they have believed all of their lives. It is to be hoped 
that the shock doesn't drive anybody to permanent c.w.! But, 
the fact remains, on AM the amplitude of the carrier is con- 
stant. It does not change. I can hear you saying it now -"I 
have been watching the amplitude change on my oscilloscope 
for the last umpteen years and those electrons don't lie." Very 
true, but you haven't been looking at the carrier alone. You 
have been looking at a composite of the carrier plus the two 
sidebands. The composite signal does double on the positive 
peaks and reduce to zero on the negative peaks with 100 
amplitude modulation. But the carrier alone does not change 
in amplitude. 

If you have a very selective receiver and a good oscillo- 
scope you can actually apply modulation to the transmitter 
with, say, a 5000- or a 10,000 -cps pure tone and pick out the 
lower sideband, the carrier, and the upper sideband in the i.f. 
section of the receiver. If you tune to the carrier frequency 
you will note no change as modulation is applied. Of course, 
the sidebands will change. 

An attempt to reproduce the three pictures is illustrated in 
Fig. 1. In Fig. 1A, we have the components that make up 
100% modulated AM. Actually all three should be sine waves 
in shape. At any rate, assuming we could draw a sine wave of 
the carrier at, say, 3900 kc. and the sidebands at 3910 kc. and 
3890 kc. respectively, we could actually add all three waves 
together instant by instant and come out with the well -known 
modulation pattern shown in Fig. 1B, the sum of the three 
signals. This is what your oscilloscope sees. 

Vector Representation 

Now we have to dig back into the theory of a.c. circuits a 

little in order to draw any pictures that will have meaning 
when we talk about single sideband. We have to show that an 
a.c. voltage or current can be represented by a rotating vec- 
tor. Going back to the beginning, the reader will recognize 
that if we rotate a conductor in a uniform field, as in Fig. 2, 

the greatest number of lines of force will be cut per unit of 
time when the conductor is passing point "A" because at that 
point the direction of motion is perpendicular to the lines of 
force. At point `B," the direction of motion is parallel to the 
lines of force and hence none are being cut. Between these 
two points the conductor will be cutting lines of force on a 
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slant. The generated voltage in the conductor, when plotted 
against time (and in this case position), will give the well - 
known sine curve, Fig. 2B. 

Now suppose for some reason or other there was a second 
conductor spaced some distance behind the first conductor 
(let's take a spacing of 90 degrees). In this case the second 
conductor would also generate a sine wave of voltage but it 
would occur later than the first. Since one cycle is equal to 
360 degrees, we can also calibrate the horizontal axis in de- 
grees and the second sine wave would appear 90 degrees 
later than the first sine wave. See Fig. 3A. Now again suppose 
we wanted to connect these two conductors in series and get 
the sum of the two voltages. In this case we would merely 
have to add the instantaneous values at each point and we 
could get the third somewhat larger curve. It would be a 
little inconvenient to have to get involved in all this curve 
drawing every time we wanted to get the sum of two a.c. 
voltages. There must be a simpler sway and here is where the 
use of vectors comes into the picture. 

A vector is any quantity that has both magnitude and direc- 
tion, usually represented by an arrow drawn to scale at a 
certain angle. if we are considering a single voltage we could 
use any position as a reference. For example, we could use 
zero degrees as a reference. So, in the case of the first con- 
ductor mentioned above, we could draw a vector of maximum 
length at zero degrees to represent the voltage at zero degrees 
or point "A" in Fig. 2. The instantaneous voltage -15 degrees 
later would turn out to be .707 times the maximum value. At 
90 degrees the instantaneous value would be zero, and so on 
for as many positions as you care to take. However, instan- 
taneous values are not very convenient to work with and 
usually more than one voltage (or current ) is under consid- 
eration at once. For this reason, the effective or r.m.s. values 
are usually used. 

Although all of the vectors are rotating, we usually take 
one as a reference and refer the others to it. If all of the volt- 
ages are at the sanie frequency there is no change in angle 
between the vectors and so we can draw a stationary picture. 
Perhaps a concrete example will clarify the matter. 

Let voltage "A" in Fig. 3A be taken as the reference. Let's 
assume that the r.m.s. value is 10 volts, as read on a meter. 
We can now lay this off 10 units on the zero reference axis. 
Voltage "B" in Fig. 3B is 90 degrees behind "A" (tradition- 
ally in mathematics, positive rotation is taken in the counter- 
clockwise direction), so we lay off 10 units 90 degrees behind 
"A" or straight down. If we apply the parallelogram rule we 
find the result to be approximately 14 volts. This is actually 
what a voltmeter would read if the two conductors in the 
above example were connected in series. 

Now Back to AM 

Going back to Fig. I A, we find that we have three a.c. sig- 
nals to be added together. If we do this by vectors rather than 
by combining sine waves, it will be much easier to understand 
some of the aspects of SSB later. We have a slightly different 
situation than in the above example in that the frequencies are 
not all the same. So let's use the carrier voltage as the refer- 
ence. 

In this case, the upper sideband which is higher in fre- 
quency is rotating faster than the reference or is rotating in 
a counterclockwise direction with respect to the carrier. The 
lower sideband is lower in frequency and is rotating slower 
than the reference or is rotating in a clockwise direction with 
respect to the carrier. Fig. 4 shows the vector sum of the side - 
bands and the carrier for several instants of time. Fig. 4A 
shows an intermediate value in the neighborhood of 60% posi- 
tive modulation. In Fig. 4B, the sidebands cancel and the 
total amplitude is equal to the carrier alone. Fig. 4C shows 
60% or 70% negative modulation while in Fig. 4D the side - 
bands add directly and oppose the carrier, resulting in zero 
amplitude or 100% negative peak. Fig. 4E shows a low per- 
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Fig. 5. Balanced modulators with and without audio signals. 
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Fig. 6. Block diagram of SSB rig employing phasing method. 

centage of negative modulation. In Fig. 4F we are back to 
carrier level again and Fig. 4G shows a low value of positive 
modulation. In Fig. 4H the sidebands add directly and in the 
same direction as the carrier, making a 1008 positive peak. 

The Balanced Modulator 
In general there are two SSB systems in common use, the 

filter system and the phasing system. Both methods require a 
balanced modulator which removes the carrier. So let's see 
what goes on in a balanced modulator. 

There are several types of balanced modulators, but per- 
haps the easiest to understand uses two pentodes with modu- 
lation applied to the screen grids. This avoids getting more 
than one kind of signal on any one grid. Fig. 5A represents 
the balanced modulator before modulation is applied and 
this circuit merely removes the carrier. At first glance this may 
look like a standard push -push output doubler. The only dif- 
ference is that both the grid and plate circuits are tuned to 
the same frequency. As one grid goes in the positive direction, 
driving its plate to greater current, the other grid is going 
negative, driving its plate lower in current. The two plate 
current changes cancel each other and hence nothing comes 
out at the output. 

This is the method of removing the carrier from the SSB 
transmitter. The amount of carrier suppression is determined 
by the match of the two tubes and possibly by some external 
balancing controls. \Ve will assume that the ideal situation 
of perfect cancellation exists. 

Now let's apply some modulation. Fig. 5B shows the saine 
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circuit as Fig. 5A but with a modulation transformer con- 
nected in push -pull to the two screen grids. Let us assume 
that the positive half of an audio cycle is reaching the screen 
grid of the upper tube. At the same time the negative half 
of the audio cycle reaches the lower tube. This will increase 
the plate current of the top tube and decrease the plate cur- 
rent of the lower tube at the audio frequency, thus unbalanc- 
ing the circuit. There will now be a resultant r.f. energy 
output across the output. 

Now just what kind of r.f. energy will this be? Actually we 
are amplitude modulating both tubes; there are two carriers 
and two sets of sidebands. Remembering what has been said 
about AM previously, we know that the carriers stay at con- 
stant amplitude during the process of modulation and there- 
fore remain canceled in the output. So the only energy that 
can appear in the output is sideband energy. If we had modu- 
lated the screens in parallel, everything would have canceled 
out, but by applying the modulation in push -pull the phasing 
is such that we come out with both sidebands and no carrier. 

Getting Rid of One Sideband 
From the balanced modulator we have two sidebands. In 

order to have single sideband we must remove one or the other 
of these two sidebands and have only one remaining. The 
simplest method of doing this is by means of a filter. If a band - 
pass filter can be designed so that it will pass one sideband 
and reject the other, we have one possible answer. Such fil- 
ters have been designed, and several commercially built ham 
transmitters use this system. The filters are available sepa- 
rately for those who wish to home -brew their own. It is a 
formidable job to design and build such a filter although the 
use of surplus crystals brings this chore within the realm of 
possibility for the enterprising ham. The main drawback to 
the filter system is that, to get effective filtering, they have to 
be built for just one frequency and this is usually a rather low 
frequency. In order to get output on the desired ham band 
it is necessary to use heterodyne action and special mixing. 

The alternate method of removing the unwanted sideband 
is the phasing method. This system is widely used but not too 

(Continued on page 64) 

Fig. 7. Vectors showing the operation of the phasing method. 
A 

ru 

CA 

B 

Us 

Le 

ce 

(CARRIERS 
DASHED) 

(A) (B) (C) (D) 

LA UB 

+ 

UA UA UA L 
A 

RESULTANT L B AT TIME T 
Le 

RESULTANT AT T + 45 
(CARRIERS REMOVED) (CARRIERS REMOVED) 

(E) (F) 

(L's LA 

UA I Us + UA 

RESULTANT AT T + 90° 
(CARRIERS REMOVED) 

(G) 

CA 

ELECTRONICS WORLD 

www.americanradiohistory.com

www.americanradiohistory.com


i 

MULTIPLEX 

SIGNAL GENERATOR 
By THOMAS E. REAMER 

Construction of a service instrument that 
develops a composite stereo signal for the 
alignment of multiplex adapters or the 
multiplex circuitry in tuners or receivers. 

SINCE FM stereo broadcasting began over a year ago, 
there has been a constant growth in the number of 
multiplex adapters and multiplex tuners reaching the 

consumer market. Some of this equipment may now be in 
need of adjustment and the service technician must be pre- 
pared for it. This means a special generator to duplicate the 
signal at the multiplex output jack of an FM tuner. 

Evaluating and adjusting multiplex circuitry by using 
broadcasts from FM stations is unsatisfactory because of the 
sporadic and inconvenient timing of test tones. A commercial 
multiplex signal generator would be the answer, but unfortu- 
nately they are quite expensive. A practical approach to the 
solution of the problem is to build your own generator. A gen- 
erator built by the author to service multiplex adapters and 
multiplex circuitry in FA1 tuners and receivers is shown in 
Figs. 4 and 6. 

Signal Generator Requirements 
FM multiplex broadcast standards require that one channel 

contain the sum of the left and right audio (L +R) and that 
the second channel carry the audio difference (L - R) signal. 
The L+R signal modulates the FM carrier directly but the 
L -R signal amplitude modulates a 38 -kc. carrier; the 38 -kc. 
carrier is suppressed and its sidebands modulate the FM car- 
rier. An accurate and correctly phased 19 -kc. pilot carrier is 
also transmitted for subsequent reinsertion of the 38 -kc. car- 
rier at the receiver. 

The signal produced by a generator should duplicate the 
output at the detector (before the de- emphasis network) of 
an FN1 tuner. This signal includes the sidebands of the audio 
modulated 38 -ke. carrier (L -R) and the 19 -kc. pilot carrier. 
There should be an input to the generator so an externally 
generated audio signal can be used to modulate the left or 
right channels or both simultaneously. 

Performance data for this generator are shown in Table 1. 
The audio -frequency range for best performance is about 
20 -5000 cps but a 10 -kc. signal may be used if corrections 
for generator distortion are made. The channel separation 
measurements were made with the oscilloscope pattern of the 
composite output without the 19 -kc. pilot. An audio signal 
was fed to either the left or the right channel. The total signal 
peak -to -peak voltage was compared to the amplitude of the 
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crosstalk signal above and below the zero- voltage line. By 
adjusting the balance controls on the front panel of the gen- 
erator for each audio frequency, the separation can be con- 
siderably improved. The distortion measurements were made 
%with a 15 -kc. low -pass filter at the output of the generator and 
the 19 -kc. pilot turned off. Some 38 kc., however, came 
through the filter and raised the distortion figures slightly. 
The output level was also measured with the 15 -kc. low -pass 
filter inserted and the 19 -kc. pilot turned off. 

Total residual output without any audio modulation and 
without 19 kc. was 0.02 v. r.m.s., all 38 kc. (Before the in- 
stallation of the 53 -kc. low -pass filter, L2, appreciable 76 
kc. was coming through.) When fed a 19 -kc. pilot from a 
broadcast station, the generator oscillator frequency is about 
19 kc. ± 2 cps. The composite output voltage is 2 -3 v. r.m.s., 
sufficient to drive most multiplex adapter circuits. 

Signal Development 
Significant points in the block diagram of Fig. 5 are keyed 

LEFT INPUT RIGHT INPUT -1000 Cps 

1I 
9mki "im- nlllM 

fillhlllilt,ui; : a 

OI 

( F ) COMPOSITE OUTPUT 
WITH I9KC. 

(F) COMPOSITE OUTPUT 
WITHOUT '9KC. 

Fig. 1. Waveforms show development of composite signal when 
1000 -cps signal is fed to right channel and no signal is fed to left 
channel. Letters refer to points in block diagram shown in Fig. 5. 

with circled letters to the oscilloscope waveforms in Figs. 1 

and 3 to show how the output signal is developed. 
Assume that an audio- frequency sine -wave voltage from an 

external oscillator or the 1 -kc. internal oscillator is applied to 
the right -channel input, B, in Figs. 1 and 5. The signal enters 
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0-BI 

R8 

COMPOSITE 
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G6 

CIB 
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(L-RI 

R3B 

R29 

\1C27 

60 

Fl 

IRC LEFT 
60+. RIGHT 

R51 R52 

+ C32 + C33 C34 

TT 

* MATCHED PAIRS 

BI B2 

VI 

T4 9 

V2 V3 

9 

V4 V5 V6 

R1-100,000 ohm linear-taper Of 

RI,R10,R11- 220,01111 ohm, It w. res. 

R3-12,000 ohm, I,Í w. res. -± .5% 

R{ 2200 ohm, I/2 w. res. -± S'; 
R5,R21,R24,R31,R41,R44-1 ntegohnt. != w. 

R6,R7- 22,000 ohm, 1= w. matched res. 

R8,R9,R19,RS0- 10.000 ohm, !t w. res. 

RI2.R14- 150,1100 ohm, i,= w. res. 

10,0110 ohm, linear -taper pot 

RIS -220 ohm, I w. res. 

RI6.R28.R48 -- 47,(100 ohm, I2 w. res. 

R17.R18 -6800 ohm, I t w. matched res. 

R20,R40 -1 utegohm, linear -taper pots: con- 
centric shafts. Centralab FI.31 and R2 -51 
or equiv. 

R22.R23,R30,R32,R3{.R36,R{3- 22,000 ohm. 
I t w. res. 

k25,R ?6,R38,R39- 61,1100 ohm, }_ 

5', 
R27- 250,000 ohm linear -taper pot 

R29 -68,000 ohm, !2 w. res. 

36 

R49 R50 

Fig. 2. Complete schematic of signal generator. The 1 -kc. audio 
oscillator, which comprises V6 and associated circuitry, may be 

omitted if you are planning on using an external audio oscillator. 

60 TO SI 

R33- 1500 ohm, !'i tc. res. 
R35 55,111111 ohm linror -taper wirewonnd pot 
R37.R42 22.000 ohm. I z w. matched res. 

R45 -330 ohm, I o w. res. 
R 46,R49- 100,000 ohm. I t m. res. 
R47- 68011 ohm. II to. re.s. 

R5I -41100 ohm, 10 w. res. 
R52.R53- 2000 ohm, 10 w. res. 
RS4- 200,000 ohm, I t re. res. 

CI .01 pf., 100 v. mira capacitor 
C1.0 4,C31 -.001 pf. 4911 v. mira capacitor 
C3.C9,C14,CIS,C26,C28- .01 pf.. 400 v. Mylar 

capacitor 
C5 -.001 pf. 400 v. disc capacitor 
C6,C12,C13- .111115 pf. 400 v. mica capacitor 
C7 ,C8,C16,C18,C24,C25,C27,C29 -.1 pf., 400 

v. Mylar capacitor 
CI0,C11 -I00 ppf., 400 v. disc capacitor 
C17 .0(12 pf., 400 v. disc capacitor 
CI9- 470 ppf., 4(10 v. mica capacitor 
C20,C21-300 Apt., 400 v. mira capacitor 
C22 -.IS pf., 100 v. Mylar capacitor 
C23 -.5 pf., 200 v. Mylar capacitor 
C30 -.04 4., 600 v. Mylar capacitor 

C32.C33.C35 4(1- 40.40 pf.. 450 v. elec. capac- 

itor (Sprague TI'L -3787 or equiv.) 
C34 .05 pf.. 400 v. disc capacitor 

TI,T2.T3- 38 -kr. output transformer (Miller 
1355 or equiv.) 

T{ -Power trans. pri: 117 v.: svr: 6011 e., 
c.t. (U 65 ma., 6.3 v. Gt 2.7a. ( Triad R -SA 
or equiv.) 

SI -3.p.5 pos. ceramic rotary switch 

S2-S.p.s.t. switch on rear of Rio 
LI- 19 -kc. locked -oscillator coil (Miller 1354 

or equiv.) 
L2 -Low -pass filter (Miller 1351 or equiv.) 
L3- .2 1.5-hy.. 1011 -ma.. 95-ohm tapped 

choke. (Triad C26.í or equiv.) 
F1 -Y amp fuse 
JI.J2.J3 Phono jack 
SR1.SR2 Silicon diode, 750 ma.. 600 p.i.e. 

IIN2071 or equiv.) 
PLI -NE -SI neon lamp or Dialer) 249. 7841 -937 

assembly (eliminate 854) 
V1.V3,VS,V6- 12.4U7Á tube 
V2 --6JHS tube IG -El 
V4- 12AÁ'7 tube, 1'i (I 12 rube 
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phase -splitter V5A from which the non- inverted ( cathode- 
follower) output goes to matrix junction C and then to junc- 
tion F. The inverted signal from V5A goes to matrix junction 
D and then to the suppressed- carrier modulator. The 38 -kc. 
suppressed carrier output, a series of elliptical modulation 
envelopes (E, Fig. 1) goes to junction F where it is com- 
bined with the 1 -kc. audio signal from C to form a series of 
alternately inverted semicircular modulation envelopes (F, 
Fig. I). 

An additional signal, the 19 -kc. pilot carrier, of low ampli- 
tude, is also sent to junction F. The signal at F is shown at the 
bottom of Fig. 1 with (left) and without (right) the 19 -kc. 
signal. The final output at G (Fig. 5) is the same as at F ex- 
cept that it is inverted. 

If, on the other hand, the audio input is fed to the left 
channel input (A), the signal is divided but not inverted. One 
signal goes through cathode -follower V3A to C then to F. 
The other identical signal goes through another cathode fol- 
lower (V3R) to D, to the suppressed- carrier modulator, and 
then to F. The appearance of this signal at F on the oscillo- 
scope is superficially identical to the signal obtained from the 
right -channel input described above. The significant differ- 
ence in the two signals is that the :38 -kc. modulation differs in 
phase by 180' in the left and right input waveforms. 

If audio signals of different frequencies are feci to both the 
left and right channels, an interesting series of interactions 
occurs. Refer to Figs. 3 and 5. The resistor matrix at C linearly 
mixes the L and R signals and produces waveform C in Fig. 

Fig. 3. Development of composite signal when a 100 -cps signal is 
fed to left channel and a 700 -cps signal is fed to right channel. 

LEFT INPUT- 100CPS RIGHT INPUT -700 CPS 

J2 JI R13 PLI R27 R35 J3 

Fig. 4. Author's generator has provision for output -level meter. 
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19AC 
SYNC 
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R26 

1914C. 

LEVEL 

T 

19KC 
T EST 

INVERTER 

VSB 

Fig. 5. Block diagram. Circled letters refer to Figs. 1 and 3. 

3; this is the (L +R) signal. A similar linear mixing occurs at 
D except that the right- channel input has been inverted. This 
is the [L + ( -R)] or (L - R) signal. This signal is fed to the 
suppressed -carrier modulator, the output of which is a series 
of elliptical envelopes of differing amplitude (E, Fig. 3) . The 
signal is then combined with the (L +R) signal in matrix F. 
The resulting complex waveform (F) bears a superficial re- 
semblance to the two original audio frequency inputs ( Fig. 
3, A and B). Added to this composite signal is the 19 -kc. pilot 
carrier. 

Pilot and Subcarrier Phase Relations 
The phase relationship of the 19 -kc. pilot and the 38 -kc. 

( E) (L -R) MODULATED subcarrier is specified by the FCC; that is, the 38 -kc. sub - 
carrier must cross the time axis with a positive slope each 
time the 19 -kc. pilot carrier crosses the time axis in either 
direction. This generator produces a signal that conforms to 
this requirement. When the L-R signal is positive (Fig. 1, 
D, third and fourth quadrants of audio sine wave) and the 
19 -kc. and 38 -kc. signals are considered before mixing at F, 
the 38 -kc. signal crosses the time axis with a positive slope 
each time the 19 -kc. signal crosses the time axis in either di- 
rection. The appearance of the 19 -kc. and the 38 -kc. signals 
after linear mixing at F is an amplitude modulated 38 -kc. ( F ) OUTPUT WITHOUT I9KC. 
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signal as shown in Fig. 1, F (eight half of left waveform) and 
expanded in Fig. 7, right. 

When the L -R signal is negative (Fig. 1, D first and sec- 
ond quadrants); the 38 -kc. signal will cross the time axis in a 
negative -going direction when the 19 -kc. signal crosses the 
time axis to produce a modulated 38 -kc. signal of the form 
shown in Fig. 1, F (left half of left waveform) and expanded 
in Fig. 7, left. The suppressed -carrier modulator circuit con- 
sisting of V1B, V2, and T3 shifts the phase of the 38 -kc. signal 
180 °. Switching tube V2, and the tuned circuit consisting of 
T3, C12, and C13, in effect, shift the phase of the incoming 
38 -kc. signal from T2 by -' 90 depending on the polarity of 
L -R as described above. The phase of the 19 -kc. signal is not 
changed as it is mixed with the 38 -kc. signal after the switch- 
ing circuit at F in Fig. 5. 

However, for a left -channel input to the generator, the 
L -R audio signal at D, Fig. 1, is inverted, i.e., the positive 
L -R falls in the first and second quadrants, and the negative 
L -R in the third and fourth quadrants. In the final compos- 
ite output, the two amplitude modulated 38 -kc. signal wave- 
forms shown in Fig. 7, are also reversed right for left. 

In summary, the structure of the modulated 38 -kc. signal 
has two well- defined forms, one for a positive L -R and a sec- 
ond for a negative L - R, as shown above. The external shape 
of the composite envelope, however, depends upon the form 
of the audio -input signals and may be quite complex for dual - 
channel voice or music. 

An interesting experiment is to reinsert a 38 -kc. carrier sig- 
nal in the proper phase with-the generator output with a 1 -kc. 
right -channel only input. As the 38 -kc. is slowly applied, the 
semicircular envelopes are changed into a modulation cove- 

Fig. 6. Top view of chassis. Do not position choke L3 too near T4. 

Table 1 

Frequency 
cps 

Channel 
Separation 

db 

Output Harmonic 
Distortion % ( * *) 

Output Level db 
(1 kc. = 0 db)* 

left right left right left right 
20 25 21 - - -2.5 -2.5 
40 20 22 2.0 1.65 -1.0 - 1.0 
400 20 28 1.9 1.8 0 0 
1000 21 26 1.8 1.5 0 0 
1000* 24 27 1.75 1.4 0 0 
3000 16 18 1.4 1.25 0 0 
5000 14 16 1.7 1.5 -1.0 - 1.0 
10 kc. 14 14 8.0 6.0 -4.0 -2.0 

No -input residual output: 0 02 v. r.m.s., 38 kc. (19 -kc. off). *Internal 
1 -kc. osc. amplifier flat from 20 cps to 40 kc., down 1 db at 50 kc. 
* *Measured with 15 -kc. low -pass filter at generator output; 19 kc. off. 

lope that is flat on the top, but at the bottom (Fig. 8) clearly 
shows the shape of the original audio frequency. Reinsertion 
of the 38 -kc. signal as above but with only a left -channel in- 
put produces a modulation pattern that is flat at the bottom 
but modulated at the top. Some multiplex adapters reinsert 
the carrier in this manner and detect the output to recover 
the audio information. 

Circuit Description 
The complete schematic of the signal generator is shown in 

Fig. 2; a few sub -circuits deserve detailed discussion. The 
suppressed- carrier or double -sideband modulator has been 
experimented with by radio amateurs. Don Stoner in his book 
"New Sideband Handbook" shows several circuits for pro- 
ducing this form of modulation, including push -pull balanced 
modulators, ring modulators using solid -state diodes, and 
beam -switching tubes. Stoner's enthusiasm for the beam - 
switching tube and his method of d.c. balancing the deflection 
plates convinced the author that this is a worthwhile circuit. 
As you can see in Fig. 4, d.c. centering control R13, "Balance," 
is mounted on the front panel to permit rapid touching up 
of symmetry of the composite -output waveform. T3, Fig. 2, 
serves as the output transformer (its primary is tuned to 
38 kc. by C12, C13) for the 6JH8 switching tube. A single 
triode, V1B, acts as a phase splitter for the 38 -kc. carrier. 
An interesting result of suppressing the 38 -kc. carrier is that 
a complete modulation envelope occurs every time the 
modulating signal crosses the time axis (Fig. 9). Reinsertion 
of the 38 -kc. carrier in a multiplex adapter restores the sup- 
pressed- carrier modulation envelope to the familiar form 
found in conventional AM modulation. 

The 1 -kc. internal audio oscillator, V6A, is a Colpitts 
circuit. By applying the signal at the top of inductor L3 
( rather than at the plate of V6A) to V6B, the harmonic dis- 
tortion is reduced. The B+ supply to this oscillator is dis- 
connected by switch SIC when it is in the "Ext. Nor." and 
"Ext. Rev." positions to avoid leakage to the input circuits. 

(Continued on page 68) 

Fig. 7. Enlargements of left (left) and right (right) halves of waveform of Fig. 1F 
shows mixed 19 -kc. and 38 -kc. frequencies when L - R is negat ve (left) and 
when L -R is positive (right). Audio signal is applied to the right channel only. 

!!!!!!!! 

Fig. 8. 38 -kc. subcarrier added to right - 
channel generator signal puts audio at 
bottom. Left- channel input puts it at top. 
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THE CS -3 SOUND COLUMN SOLVES EXTREME REVERBERATION 
PROBLEMS WITH EXTREME EASE AND ECONOMY. 
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Here's the newest way to rid yourself of P.A. installa- 
tion headaches in problem areas. Use the new Uni- 
versity CS -3 Sound Column! It's specially designed to 
meet moderate power requirements -ALL AT A PRICE 
FAR LOWER THAN YOU'D EVER EXPECT FOR SUCH 
PERFORMANCE. 

How? Easy -and with the same superb engineering 
and quality control that goes into all the Uniline 
products. With the CS -3 you get: superb speech 
reproduction in moderate -size areas; excellent 
music in high reverberation areas; extremely wide 
sound coverage; the complete answer to feedback 
difficulties. And, as with all Uniline Sound Columns, 
the CS -3 is ACOUSTICALLY TAPERED to prevent high 
frequency beaming ...a University exclusive! 

And don't forget another important characteristic 
of the CS -3: High 'A'(High Audibility), which is evidenced 
by a considerable decrease in distortion, improving intel- 
ligibility and increasing listener comfort. This is particu- 
larly noticeable when standing or sitting close to the sound 
source, for, as you know, conventional loudspeakers tend 
to 'blast' under similar circumstances. 

So, for optimum dispersion (at all frequencies), for uni- 
form sound levels (within the beam), for speech and music 

1 

February, 1963 

UNIVERSITY 

PROUDLY 

ANNOUNCES 

ANOTHER 

SOUND 

SOLUTION: 

THE 

UNILINE 

CS -3 

SOUND 

COLUMN! 

MODEL CS -4 

UNILINE 
(Right) 

MODEL UCS -6 

UNILINE 
(Far Rights 

......::: 
:::::::::::: 

in high reverberation areas auditoriums, terminal 
waiting rooms, industrial areas, gyms, pools and 
churches)... FOR UNILINE SOUND QUALITY AT IN- 
CREASED SAVINGS...choose the CS -3, University's 
newest (and lowest- priced) addition to the Uniline 
Sound Column family. $89.95 dealer net. 

SPECIFICATIONS: 
MODEL CS- 3- (equipped with special elliptical hi -fi 
speakers and two tweeters for music and speech appli- 
cations; tapered for use in clusters) 
Frequency Range 150- 10,000 cps 
Power Capacity 25 watts 
Impedance 16 ohms 
Vertical Angle 22° 
Horizontal Angle 120° 
Dimensions 48" x 71/2" x 83/4" 
Shipping Weight 33 lbs. 

For complete details, write: Desk S -2. 

UNIVERSITY 
LOUDSPEAKERS 

80 SOUTH KENSICO AVE., WHITE PLAINS, N.Y. 
A Division of Ling -Temco -Vought, Inc. 
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technicians... 
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all find Heathkit test equipment quality and 
Industry Production and Design professionals put Heathkits 
to work in their factories and laboratories for high perform- 
ance at low cost. Typical Heathkits used are: 10 -10 3" DC 

Oscilloscope, $79.95... IM -11, world's largest selling Vacuum 
Tube Voltmeter, $24.95 ... IG -82, Sine & Square Wave Gen- 
erator, $51.95 ...1P-32, Variable -Voltage Regulated Power 
Supply, $56.95 ... IP -20, Hi- Current, All- Transistor, Regu- 
lated Power Supply, $72.95 ... IM -30, Laboratory Transistor 
Tester, $54.88... 1M -21, Vacuum Tube Voltmeter for preci- 
sion AC measurements, $33.95. 

60 

Technicians around the world put Heathkits on their service 
benches for rapid, precision measurements ... complete 
trouble -shooting facilities at lowest cost. Typical Heathkits 
used are: 1M -32, Service Bench Vacuum Tube Voltmeter, 
$32.95 _10-12, Wide -Band 5 " Oscilloscope, $76.95 ... TT- 
1A, Mutual Conductance Tube Tester, $149.95 ... IG-62, 
Color Bar and Dot Generator for Color TV servicing, $64.95 

...1G -52, TV Alignment Generator, $54.95 ... IT -11, Deluxe 
Capacitor Checker to test capacitors of all types, $29.95... 
See the complete line in the Heathkit Catalog. 

ELECTRONICS WORLD 
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economy stacks up best 
Hobbyists of all kinds find Heathkit test equipment invaluable for 
pursuing their hobbies with refined techniques. Audiophiles, 
amateur radio operators, kit builders of all kinds use these Heath - 
kits in their workshops: 10 -21, General Purpose 3" Oscilloscope, 
$49.95 ...MM-1, Sensitive Volt- Ohm -Milliammeter for all- purpose 
measurements, $29.95 ... IT-21, Tube Checker for fast tests of 
tubes of all types, $44.95 ...1G-102, Radio Frequency Signal Gen- 
erator, $27.95... 1G -72, Audio Signal Generator, $41.95... IP -12, 
Low Ripple Battery Eliminator, $47.50. 

February, 1963 

Who is Heathkit? 
Heathkit is the pioneer and 
world's largest manufacturer 
devoted exclusively to the de- 
sign and manufacture of do- 
it- yourself electronic kits. All 
our efforts are aimed at creat- 
ing more kits, better kits, - 
easier-to-build kits. 

What are Heathkits? 
Heathkits are electronic equip- 
ment in un- assembled form. 
All parts are packaged in 
convenient groups and com- 
plete, easy -to -read, well- illus- 
trated instruction manual tells 
you how to put them together. 
Heath offers over 250 kits from 
simple portable radios to big 
analog computers. 

Who builds Heathkits? 
Millions build Heathkits. Peo- 
ple with absolutely no mech- 
anical ability or knowledge of 
electronics as well as skilled 
electronic experts -all find 
value, economy, fun, relaxa- 
tion, and pride of accomplish- 
ment in Heathkits.You can too. 

, I I IÓNÓÓNN00NlÓEbil IIIIIIIIIIIIf/ 
Money Back 
Guarantee 

Heath Company unconditionally guarantees that each 
Heathkit' product assembled in accordance with our 
easy -to- understand instruction manual must meet our 
published specifications for performance or your pur- 
chase price will be cheerfully refunded. 

009_19;10092M11111111111, 

The famous Heathkit guarantee -This money back guar- 
antee stands behind every Heathkit. It guarantees that you 
are getting equipment of the highest quality that will provide 
years of use and pleasure. Equipment second to none. 
Heathkit - world pioneer in the exciting hobby of kit building. 

FREE 1963 Heathkit Catalog. Send for your 
free copy of this new Heathkit Catalog ... it des- 
cribes and illustrates the complete Heathkit 
Test Instrument line ... units for every purpose 
... units of highest quality at lowest cost. 

r 

HEATHKIT 
HEATH COMPANY 
Benton Harbor 15, 
Michigan 

by Nystrom 

Please send my free 1963 Healhkit catalog 

NAME 

ADDRESS 

CITY 

STATE 

L 

ZONE 

J 
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19 -Kc. FILTER 
By THOMAS E. REAMER 

Construction of a filter that enables you 

to use the 19 -kc. pilot from a 

stereo broadcast as a frequency source 

for a multiplex signal generator. 

RI, S2 

Fig. 1. Top view of chassis shows the arrangement of components. 

A19 -kc. signal that meets the FCC's tolerance require - 
ment of 2 cps must be provided for the correct 
alignment of multiplex adapters and multiplex cir- 

cuitry when using the signal generator described on page 55. 
An oscillator circuit with a close- tolerance 19 -kc. crystal 

would meet the requirement, however, such crystals are often 
available only on special order and are somewhat expensive 
($20 and up). A good solution to the problem at this time 
is to make use of the broadcast station's 19 -ke. pilot carrier 
that is transmitted with an FM multiplex program. This 
19 -kc. pilot carrier frequency -modulates the main F \I carrier 
by 8 to 10% and can easily be separated from it with a sharp- 
ly tuned 19 -kc. filter connected to the detector output of an 
FM tuner. A filter of this type was built by the author and 
is shown in Figs. 1 and 2. 

Operation 
The incoming signal of mixed frequencies is amplified by 

VIA ( Fig. 5) and fed to a double -tuned transformer, T1. 
This transformer is normally used at 38 ke., but by selecting 0 
values for C3 and C4, it will operate satisfactorily at 19 kc. 
The attenuation, at the grid of V1B, of frequencies other than 
19 kc. is shown in curve A of Fig. 3. After T1, the signal is 
amplified by V1B and is fed to another tuned circuit, L1, C8. 
L1 is designed for use at 19 kc.; it further attenuates the 
undesired frequencies as shown in B of Fig. 3. The output 
of L1 goes to cathode- follower, V2. This particular tube 
(12BY î A) and its associated circuit have a gain of 0.97, 

TUNE 
OUTPUT 

OUN 

TUNE, 

INPUT 

RI,S2 JI PLI SI 

Fig. 2. Front view of author's filter shows location of controls. 

which is quite high for a cathode- follower stage. The output 
from V2 is routed to J2 via Si. A connection is also provided 
for viewing the signal on an oscilloscope. With Si at "Input," 
the output of the tuner can be observed. At the "Tune" 
position, the signal from the filter is sent to the oscilloscope 
only and not to J2. At "Output," the signal is connected to 
both the oscilloscope and J2. The separate "Tune" position 
is necessary as there is some feedback from the oscillator in 
the signal generator that would distort the signal and make 
sharp tuning difficult if it were done with Si in the "Output" 
position. 

Resistor R2 (Fig. 5) is in series with R1 as it was found 
that the tuned circuits would sometimes break into oscilla- 
tion when the resistance between the arm of R1 and ground 
was less than 100,000 ohms. R2 does not degrade operation 
as the gain control is normally operated at, or nearly its 
maximum position. The power supply is a conventional full- 

-20 

0 

-3o 

a 

z 
w 
H -40--- 

-50 

5KC 10K 2OKC. SOKC IOOKC, 
FREQUENCY -CPS 

Fig. 3. Undesired- frequency attenuation at V1B IA) and at V2 1B). 

Fig. 4. Test setup for multiplex signal generator and the filter. 
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FM 

TUNER MULTIPLEX OR 
DETECTOR OUTPUT 

19KC. 

FILTER 

MULTIPLEX 

SIGNAL 

GENERATOR 

I 

1 

I 

9KC. I 

OUTPUT 
OSCILLOSCOPE 
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TUNER 
INPUT 

JI 

v212AX, 

CI 

R 

R2 C2 

FI 52 

uT V.A C 

C3 

e 
RIO RII 

R I I m.rohm linear -taper pot 
R2.R6 100,0/10 ohm, I w'- res. 
R3.RS,118 -I megohrn, I= w. res. 
R4 -1000 ohm, I t tr. res. 
R7 -680 ohm, I= tr. res. 
R9- 39,000 ohm. !'g tr. res. 
R10,R11- 151111 ohm, 111 rr. res. 
R12- 200.000 obra 12 w. res. 
Cl, Cl. C9 -.02 µl., 400 o. capacitor 
C2.C6-.5 µf., 200 v. capacitor 
C3,C4 -.00J ,4., 400 v., ± Se /r mira capacitor 
(.'5- 430 µµJ., 4O(1 v. mica capacitor 
C8 -.ill µf., 400 V., s';r -rica capacitor 
C10.C11,C12- 20 -20 -20 id., 450 r. oler. ca- 

pacitor (Sprague TV L-3780 or equiv.) 

IINPUTi 

ISELECTORI 
o 

19NC 
OUTPUT 

IsCOPEI 

TI 384c. output transformer (J. W. Miller 
1355 or equiv.) 

T2 Power trans. Pri: 117 p.: sec: 2511 r.. c.l. 
@ 25 rem.. 6.3 v. a 1 0. (Stancor í'.S8416 
or equiv.) 

L1- 19 -kr. locked -oscillator coil (J. W. 
1354 or equiv.) 

SRI,SR2- Silicon diode. 750 ma.. 600 p.i.v. 
(IN2071 or equiv.) 

SI 2.p.3-pos. rotary switch 
S2 S.p.s.t. switch on RI 
FI -I= amp fuse 
J1,J2 phono jack 
P1.1 -NE -51 ?WWI lump or fliidco 249.7841- 

937 assembly (eliminate Rl2 
VI- 12A.17 tube, V2 12131; I robe 

Fig. 5. Filter schematic. If this circuit is to be incorporated in 

the multiplex signal generator, its power supply may be omitted . 

wave unregulated circuit. The filter is 

built in an LJIB \fir -1A cabinet with the 
chassis moved down slightly to get more 
room above it; a new bottom plate was 
installed after the construction of the 
unit was completed. 

The 19 -kc. output signal from the fil- 
ter is about 4.5-6 v. r.m.s., when it is 

connected to a tuner with a 0.2 -2.0 v. 
output. The total gain of the filter is 

about 100 when measured with a clean 
19 -kc. input signal from an audio oscilla- 
tor. As 1 -3 v. r.m.s. is required to sync 
the oscillator in the multiplex signal gen- 
erator, the output of the filter is more 
than adequate. The voltage data in the 
table was obtained with three FI1 mul- 
tiplex stations in a metropolitan area. At 
low to moderate modulation levels, the 
19 -kc. output from the filter is very clean. 
At high modulation levels, some wave- 
form distortion occurs but this (loes not 
have a detrimental effect on the 19 -kc. 
output of the oscillator in the signal gen- 
erator; that is, the generator oscillator 

output will be 19 kc. 2 cps even 
though it isn't synced with a pure sine 
wave. 

Iltnt II's Used tI 

The block diagram in Fig. 4 shows the 
connections of the filter to the detector 
output of an F \1 tuner, the scope, and 
the multiplex signal generator. Set SI 
to the "Tune" position and carefully tune 
an FM receiver, known to be in good 
working order, to a station broadcasting 
a multiplex program. Interstation noise 
will cause a low -level fuzzy 19 -kc. signal 
to appear, but when the tuning is cor- 
rect, the signal will be clean and of much 
greater amplitude. Initial peaking of the 
19 -kc. signal can be macle by adjustiu4 
T1 and LI. When Si is set to "Output.. 
and the scope connection is transferred 
to the "19 Kc. Test" jack on the signal 
generator. the oscillator in the signal 
generator will be synced by the output 
from the filter and will meet the F('( 
tolerance requirement. 

Tuner and Filter Output Voltages for 
Three FM Multip ex Broadcast Stations 

Station Frequency (mc.) 
Tuner output 19 -kc. filter 
voltage range output voltage 

(r.m.s.) (r.m.s.) 

A 94.9 0.2 -1.5 6.2 

B 101.3 0.3 -2.0 6.1 

C 104.5 0.4 -2.0 4.6 

February, 1963 

.Merrell 
YOUR BEST BUY 

IN HI -FI KITS 

16 WATT STEREO AMPLIFIER 
Model 

SA -210 

AMAZING PERFORMANCE 

Dual 8 watt amps with pre -amps 
6 inputs for magnetic phono 8. 
tape: tuner: crystal 

$2 Response: 20 to L 
18,000 cycles cover $4.95 

FM TUNER 
WITH AFC AND 
PROVISIONS 
FOR BUILT -IN 
MULTIPLEX 

9.95 

11 11111111111111 

ST -360 

Pre -wired "front end" 
Automatic Irectuency 
control (AFC) 
Pre -aligned I.F. 
transformers 

.S db 20 to 20.000 cPs 
Multi- 
plex 
adaptor 
cut out Cover $4.95 

349s 

Nest in Multiple. 
Adopter 

Completely pre -wired 
and pre- aligned. 
Mounts right into ST- 
360 for built -in Multi- 
plex. 

$19.95 

Merrell - THE EASIEST 

TO BUILD 
Complete assembly book and diagrams 

Over sized chassis makes easy wiring 

The finest component 

Also available completely wired 

The best value dollar per watt available 

12 WATT 

WILLIAMSON TYPE 

AMPLIFIER MA -12 

Complete amp and 
pre-amp 
Response 20 to 20,000 
cycles 
4 inputs: magnetic 
and crystal phono; 
tape; tuner; mike/ 
aux. 

$ZZ9s 

cover $3.95 

30 WATT STEREO 

AMPLIFIER SA -30 

:10 ' a--- 

Wllllansson type tir. 
cuit 
8 inputs for mag- 
netic and crystal 
phono; tape; tuner; 
mi ke/aux. 
Response 20 to 20.000 
cycles 
Balance -blend control 
9 front panel controls 

53995 

cover $5.95 

DELUXE 36 WATT STEREO AMPLIFIER 
SA -32 

Complete with care 
Williamson type 
B inputs: tape; tuner; magnetic and crystal 
phono. aux. 
Front panel stereo headphone jaek$ 995 Response 20 to 20,000 cps 
Low harmonic distortion with caver 

Write for FREE brochure and name of nearest dis- 
tributor to: 

.Merrell 
519 Hendrix Street, Brooklyn 7, N. Y. 
Prices S'í higher aast of the Rockies 

export: Rocke International. New York, N. Y. 
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THE INDUSTRY'S 

ONLY COMPLETE 

"LOOK- ALIKE" LINE 

OF BOTH NEEDLES 

AND CARTRIDGES! 

150 Exact 

Replacement 

Cartridges 

300 Exact 

Replacement 

Needles 

Speeds your phono 
service ... assures consistent 

high quality and complete 
compatibility of needles and 

cartridges. Inventory and handling 
costs are cut to the bone. And the 

industry's greatest array of sales tools - cross- reference catalogs, wall charts, 
displays and merchandisers - is 

available to suit your requirements. 
Ask your E -V distributor, or send 

coupon for profitable details, today. 

gke.10341.CL 
ELECTRO- VOICE, INC., Dept. 237N 
Buchanan, Michigan 

Please send my free needle and cartridge catalogs 
plus name of nearest distributor. 

Name 

Address 

City State 
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Single Sideband Simplifier 
(Continued from mg( .5-1) 

widely understood. And, by and large, 
the literature leaves too much to the 
imagination of the reader. They tell you 
that you must have a 90- degree audio 
phase shift in one place and a 90- degree 
r.f. phase shift in another. See Fig. 6. 
"And so at this point, dear reader, it must 
be obvious to you that there are two sets 
Of sidebands and either the two uppers 
cancel and the two lowers add, or vice 
versa." Unfortunately most of the "clear 
readers" are not as clairvoyant as might 
be supposed. However, they put the 
thing together and it works. Now let's 
see what really does happen. 

The Phasing Method 

The audio phase shifter is designed in 
such a way that the modulation applied 
to one balanced modulator will occur 90 
degrees in audio time later than that ap- 
plied to the other tube. For example, at 
the instant that a 100w positive peak is 

occurring in one modulator the second 
one will be going through zero; 90 de- 
grees later the first will be going through 
zero and the second will be at 1007 posi- 
tive; another 90 degrees later the first 
will be at 100% negative and the second 
tcill again be going through zero, and so 
on. The r.f. phase shift is such that the 
carriers introduced to the balanced mod- 
ulators arrive 90 degrees in r.f. time out- 
of-phase. 

Now. if we take this information and 
dray pictures of it, we will he able to see 
hots one sideband is eliminated and the 
other retained. Fig. 7 represents condi- 
tions at several instants of time. Although 
we know that the carriers have been re- 
moved by the balanced modulators, they 
are included in parts A through D be- 
cause they preserve our reference vector 
and make the explanation easier to fol- 
low. 

Understanding is dependent on taking 
a certain instant of time and observing all 
of the things that are happening at that 
instant. Then we will take several other 
instants following the first. 

Let us take the instant of time T when 
carrier "A" is modulated 1007 positive 
( this is the same as Fig. 41-1). This vec- 
tor sum appears in Fig. 7A. In this case. 
we have drawn the "head" of the upper 
sideband vector Ill connected to the 
"tail- of lower sideband vector L l in or- 
der to make it easier to visualize the total 
amplitude. Since carrier "B" is modu- 
lated 90 degrees later than "A," if the 
two carriers were in r.f. phase. it would 
appear as in Fig. 7B. But, carrier "B" has 
been shifted 90 degrees so it actually ap- 
pears as in Fig. 7C at time equals T. If 
we take these two signals (7A and 7C) 
and combine them, we have the vector 
diagram shown ill Fig. 7D. 

Sonar Slashes 
Tube Prices! 
WHY PAY MORE? 

29 each 

$27 PER 100 ASSTD. 
Each 8. every tube is tested in our own lab for 
mutual Conductance and life test. 

We guarantee FREE rep:acement for one year of 
any tube purchased from us which fails to funC- 
tlon eff.C,ent.y under any or all operating Condi- 
tions. Prompt refunds are made on any defective 
merchandise. 
The advertised tubes are not neCessarily new, 
but may he electrically perfect factory seconds 
Or used tulles -each Is clearly So marked. 

_ 

FREE 
002 
024 
ta7a7 
18367 
1 .440 
IMSOT 
ILA 
ILA 
15507 
less, 
Ins 
I55 
174 
flua 

lus 
102 
152 
243 
24F4 
secs 
3056 
3826 
3.86 
3cF6 
3066 
3LF4 
304 
354 
374 
4BO7A 
4027 
SASS 
SATs 
SAYS 
SAWA 
5857 
536 
STS 
SuOG 
sus 
5050 
50607 

SEND 

Tube Substitution GUIDE 
BOOK Free with Each Order 
of $10 or More! 

s2S 
S73G7 
5n40 
657 
SAS 
SA84 
6ÁC7 
6AF4 
6ÁG5 
6407 
SAM4GT 
641.16 
AAKS 
GALS 
SALT 
GAMS 
SANS 
6Á0S 
6406 
6A07ST 
SAPS 
Sass 
6Á76 
6478 
6AUaGT 
6AUSOT 
GALA 
BAUS 
6Á0507 
GAVA 
64W0 
6anaG7 
6A %SGT 
688 
6846 
SOCS 
ABC6 
6BD6 
6BE6 
60FS 
69,6 
611060 

FOIL OUR 
ti SPECIAL 

60M11 
68J6 
SOCS 
68.47 
6uL707 
6856 
6006GT 
6007 
SBnSG 
6026 
6027 
604 
ACS 
6C6 
6086 
60060 
ALFA 
6007 
6CL6 
SONS 
6CM7 
6057 
6056 
6CÚ6 
60E6 
6006 
6F6 
6.6 
6J4 
WS 
6J7 
6146GT 
6147 
656 
6L7 
657 
601 
sss 
65.07 

6547 
6507 

FREE 

SSFS 
esF7 
65J7 
6547 
6sL7OT 
6SN70T 
6507 
ASS/ 
674 
ATS 
SUS 
656 
6.4.7 
6w6G7. 
654 
655 
658 
6760 

s 55L 
705 
746 
747 
7AS 
784 
785 
7116 
707 
788 
7C4 
,cS 
706 
701 
7E6 
,E1 
7F7 
,ss 
,M, 
714, 

707 
757 22FM 
774 

COMPLETE 
PURPOSE 

724 
1246 
12a0S 
ROTA 
12417 
l2Aus 
12ÁU7 
12a76 
Rant 
12,5007 
l2Ax7 
12a27 
1284 
I2Ba6 
1211Á7 
128E6 
129r6 
1211M7 
12006 
I20117 
12B77 
12CAS 
12JS 
12147 
12L6 
1207 
12SÁ7 
12507 
125.17 
12557 
126N70T 
12507 
12V60T 
12W64T 
1224 
1223 
l4Á7/3207 
1486 
1407 
IS 
I 

LIST OF 
TUBES 

190060 
19JS 
1976 
24A 
2SAVs 
25006 
OSONS 
251.601. 
2SW4GT 
2505 
2526 
26 
3345 
3585 
3SC5 
351.60T 
3SW4 
3574 
352507 
37 
39'44 
42 
43 
AS 
SORS 
SOBS 
SOCS 
SouOT 
5056 
51 
S7 
SS 
71A 
73 
76 
77 
7S 
SO 
SA 624 
11713 
11716 

TURFS 

ALL TUBES SENT POSTAGE PAID. Please send 50e 
handling for orders under SS. Send 25": deposit of 
C.O.D. orders. Send approximate postage on Can.. 

SONAR ELECTRON TUBE CO. 

112 Martin Street Paterson 3, N.J. 
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GET 

INT O ELECTRONICS 

111 

V.T.I. training leads to suet ins 
as technicians. field engmeors, 
specialists in communications, 
guided missiles. computers. 
radar and automation. Basic & 
advanced courses in theory & 
laboratory. Electronic Enii- 
neering Technology. an ECPD 
accredited Technical Institute 
curriculum. Assoc. degree in 
29 mos. B.S. also obtainable 
G.I. approved. Graduates in al 
branches of electronics with 
major companies. Start Feb.. 
Sept. Dorms. campus. High 
school graduate or equivalent. 
Write for catalog. 
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Since the carriers are actually removed 
by the balanced modulators, the only 
sum we are really interested in ( Fig. 7E) 
is the sum of the sidebands. So at time T 
we find that the upper sidebands of both 
carriers "A" and "B" are in the same di- 
rection and therefore add. The lower 
sidebands of carriers "A" and "B" are in 
opposite directions (180 degrees out -of- 
phase) and therefore cancel. At T +45° 
(Fig. 7F) we find that upper sidebands 
of carriers "A" and "B" have both rotated 
45 degrees counterclockwise and still 
add. By the same token, lower sidebands 
of carriers "A" and "B" have both rotated 
45 degrees clockwise and still cancel. 
The saine follows for T- -90' (Fig. 7G) 
or any other instant of time. So for all 
instants of time we have an upper side- 
band made up of the upper sidebands of 
both carriers and no lower sideband. If 
we reverse the connections on either au- 
dio line, the upper and lower sidebands 
\would trade places and we would have a 
lower sideband and no upper sideband. 

It is the belief of this author that a 
verbal description with any meaning is 
nearly impossible when it comes to de- 
scribing the phasing method of produc- 
ing SSB. A vector description instant by 
instant is the best way to show exactly 
how one sideband is eliminated and the 
other retained. So. if you are the proud 
possessor of an SSB rig that uses the 
phasing method, it is hoped that you now 
know what the designers were doing 
when they designed it. 

CLEANING SPEAKERS 
ON SMALL RADIOS 

By C. R. ZINCK 

BECAUSE OF their extreme porta - 
bility, transistor radios get taken 

:dong every here, especial!. during out- 
door fun in the. sunuurr, The. .. ill fre- 
quent!. e nuit second hest after a day 
at the beach because sand particles hate 
lodged in the speaker assentbl.. One 
method Iras been f I cerc useful for 
getting sane) oat. 

114 4. the sin aker fi the radio 
:nul c et it to the output of a small 
audio amplifier. Feed the output of an 
audio oscillator into the amplifier and 
cary the frequene until speaker reso- 
nance is reached. V.leich' ill be indicated 
he Ilia. e recurs' . keep os- 
cillator output lou at first, tu make sure 
that the po..er rating of the speaker k 
not exceeded. With the t applied as 
noted, turn the speaker ..ith its cone 
facing de».n..ard and lap the magnet 
fra gently to dislodge the .sand. A 

We regret that "Mac's Electron- 
ics Service" could not be in- 
cluded in this issue. John Frye 
has been ill and we feel sure 
that many of our readers will 
want to join us in wishing him 
a speedy recovery. Hope to see 
Mac and Barney back next 
month. 

February, 1963 

and not just any 12AX7A? 
All 12AX7A schematics look alike. And at first glance, all 12AX7A tubes 
also look alike. Yet, the use of a Sonotone 12AX7A tube can make a 
world of difference in performance. 
The 12AX7A, used in signal stages for high gain, has virtually become 
the standard in the low level stages of audio preamp circuits where noise, 
hum and tube microphonics become major problems. If you examine a 
Sonotone 12AX7A closely, alongside another, you will see a significant 
difference in construction. You will notice a trident shaped, tongued 
structural member at the top of the tube - called a "Damper Mica." The 
tongue supports the two cathodes - acts like the leaf of a spring, absorb- 
ing the shock of external impact and vibration. 
As a result of this unique construction, the Sonotone 12AX7A is re- 
markably free from microphonic tendencies. It is also sturdier and more 
capable of withstanding impact and vibration without physical damage 
or electrical malfunction. 
In addition, the Sonotone 12AX7A employs a coiled heater which re- 
stricts unwanted magnetic fields in the heater cathode assembly when 
AC is used for the heater supply. This reduces the AC hum component 
to a point where it is no longer necessary to use rectified and filtered 
heater supplies. 
Small wonder that the Sonotone 12AX7A is specified by the leading 
manufacturers of high fidelity amplifiers. It is their way of insuring the 
quality of their instruments. 
The next time you replace a 12AX7A, remember that not all of them 
are alike. There are enough distinctive qualities in the Sonotone 12AX7A 
to make its choice a sure and safe one. That's the point about all Sonotone 
tubes -all have that extra something that spells better performance. 

In addition to the high -gain 12AX7A, Sonotone also features selected 
quality audio output tubes -the EL34 and EL84- available in matched 
pairs for push -pull applications. 

Next time the schematic calls for the 12AX7A, or any type of tube for 
home entertainment or industrial application - replace with Sonotone. 

SONOTONE CORPORATION 
ELECTRONIC APPLICATIONS DIVISION ELMSFORD, NEW YORK 
Cartridges Speakers Tape Heads Mikes Electron Tubes Batteries Hearing Aids 
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NEW SAMS BOOKS 
Color TV Trouble Clues 

A "must" for every service technician. 
Outlines trouble clues and procedures for 
repair of color 'PV receivers of all makes -advice 
and guidance on solving color TV problems which 
has actually been field- tested. Covers types of trou- 
bles encountered, troubleshooting techniques, align- 
ment and sync problems, convergence, etc. Includes 
valuable section on the use of test equipment to 
speed color set servicing. Fully illustrated with photo- 
graphs and schematics; a welcome help and a ref- 
erence guide for those ever -increasing color TV 
jobs. 96 pages; 534 x 8!.z ". Order COL -1, only.. TI 

Handbook of Ham Radio Circuits 
By David E. Hicks. Contains complete schematic dia- 
grams and definitive descriptions for over 50 of the 
most popular amateur radio transmitters and re- 
ceivers. Written for hams and technicians, this book 
covers the circuitry, operation, general function. 
and special distinguishing features of each piece of 
equipment. Excellent for troubleshooting and mod- 
ification needs, as well as a guide for buying 
equipment. 128 pages; 8 %x11".Order HRC -1, only L" 

Microwave Systems Fundamentals 
By F. Jonathan Mivec. This book gives you a clear 
understanding of microwave applications, including 
a basic analysis of microwave systems, and detailed 
explanations of the principles involved. Chapters: 
Introduction to Microwaves; Behavior of Micro- 
wawa; Transmission Systems; Cavity Resonators; 
Oscillators; Receivers; Antennas; special appendices 
on Mathematical Construction of a Profile Diagram 
and Waveguide Mathematics and Equivalent Cir- 
cuite of an Amplifier and Quartz Crystal. 288íC95 
pages; 5% x 8% ". Order MSM -1, only J 

BROADCAST ENGINEERING NOTEBOOKS: VOL 2 

AM -FM Broadcast Operations 
By Harold E. Ennes. The second volume in this unique 
aeries covers technical operations of radio stations 
from the operator's point of view. Ranges from basic 
information such as the layout for control rooms to 
the more complex subjects of remote equipment, 
etc. Problems encountered and proper procedures 
for operating both inside and outside the studio are 
examined. Includes sections on operating the trans- 
mitter, and FCC rules. An excellent aid in preparing 
for FCC license examinations. 256 pages; 5 z 
x 81j ". Order BEN -2, only 5 

Electronic Tests & Measurements 
By Robert G. Middleton. Another practical, authorita- 
tive book by a leading expert on measurement procedures 
and equipment. Takes a new approach by giving the reader 
a thorough understanding of circuit characteristics, on the 
sound premise that the theory behind what you are doing 
is as important as the work itself. Helps you increase your 
knowledge of circuitry as well as your proficiency in 
testing. Chapters include: Electrical & Electronic Units; 
Nonlinear Devices; Transient Analysis; Bridge Measure- 
ments; Amplifiers; Electronic Testing Theory; High -Fre- 
quency Tests & Measurements. 288 pages; 51 x $95 
855'; hardbound. Order MET -1, only U 

How to Detect & Measure Radiation 
B y Harold S. Renne. What is radiation? Where does 
it come from and how is it detected and measured? 
These are questions millions of people are asking 
today. In simple everyday language, this book 
describes the sources of radiation and how it radiates 
or "spreads out." Special attention is given to detec- 
tion and measurement devices and just how they 
operate. Of special interest to experimenters, techni- 
cians, students, Civil Defense personnel, and en - Szip 5 
gineers. 160 pages; 51/x8!". OrderADR -2, only J" 

Hall Effect Instrumentation 
B y Barron Kemp. An important book on a new and 
growing field, showing the innumerable applications 
being found for the Hall effect principle. Unknown 
20 years ago, this principle is becoming one of the 
most effective theories for measurement instrumen- 
tation. Here is a full analysis of the Hall effect and 
its applications. Chapters: The Hall Effect; Multi- 
plier Applications; Wattmeters; Modulators; Con- 
stant Control -Current Applications; Displacement 
Applications; Magnetoresistive Devices; Measuring 
Magnetic Fields. An invaluable reference and in- 
structive text for Fengineerrsp ndlstudee` ts.128s 95 
pages; n r R 

HOWARD W. SAMS & CO., INC. 
Order from your Sams Distributor today, or mail 
to Howard W. Sams a Co., Inc., Dept. B -13 
4300 W. 62nd Street, Indianapolis 6, Ind. 

Send me the following books: 
COL -I MSM -1 MET -1 HAI.1 
HRC -1 8EN -2 ADR -2 

S enclosed Send FREE Booklist 

Name 

Address 

City Zone State 
LIN CANADA: A. C. Simmonds & Sons, Ltd., Toronto 7 _...._ r. =r. r. r 
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PERM 
MAGNET 

ANENT 

Digital Readouts 
(Continued fron) page 3.5) 

SOFT IRON 
FIELD POLES 

Fig. 10. Schematic of "Magneline" readout. 

Armature lines up with magnetized poles. 

numbers are shown differently and the 
internal mechanical arrangement is dif- 
ferent. Eleven electro- magnets are used 
in a vertical arrangement and the per- 
manent magnet attached to the numeral 
drum is a bar mounted horizontally 
somewhat like a compass needle. The 
eleventh position is used in a patented 
circuit to eliminate the need for polarity 
reversal and to permit simpler driving 
circuitry. 

Still another type of electro- mechan- 
ical readout is shown in Fig. 13. This 
consists of seven tiny rotary solenoids, 
individually actuated, that display seven 
lines forming the desired numeral. Each 
solenoid consists of a cylindrical perma- 
nent magnet that is rotated in the field 
of its coil. A small aluminum vane is 
cemented to the magnet so that the vane 
either appears in the window or moves 
out of sight. One model has a single coil 
and will only display the desired nu- 
meral while power is applied. Another 
model uses split xvound coils and can be 
set with a pulse and then reset again 
with another pulse applied to the other 

half of the coil. Allard Instrument Corp. 
has a complete line of these readouts 
including alpha- numeric units which 
contain 14 coil assemblies capable of 
forming letters and numerals. 

Mechanical /Optical Readouts 
A readout which combines an inter- 

esting optical principle with an equally 
ingenious mechanical system is shown 
in Fig. 14. The optical principle is based 
on the use of a beam of collimated (par- 
allel beams) light and a set of ten plates, 
each having a small checkboard raster 

Fig. 12. A.C.E. is similar to "Magneline" 
except for different mechanical design. 

and an open area the shape of the nu- 
meral. When the selected plate is posi- 
tioned in a certain spot, only the light - 
forming numeral can pass through and 
project that character on the screen. To 
select the desired plate, four solenoids, 
corresponding to the four binary bits, 
each actuate a selector blade. The bot- 
tom of each numeral plate is notched 
so that only the desired plate can drop 
into the viewing position when the cor- 

Fig. 11. "Bina- View" readout combines mechanical and optical principles. 

Lamp Light Source 
Replacement 

Lock 

Input i. - - 
Terminals - 

Bit Armatures 
(Spring Return 

Signal Input Bit Coils 

- li' lIL 

Lens Frame 
Collimating Lens 

Character Plate Spring 

Il 

Non selected Character Plates 

Checkback Switches Selected Character Plate 

Selector Blades 

.: 
! 

se-- Lucite 
One-plane 
Viewing 
Screen 

Set Pulse 
Litt Bar 
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r save RAD -TEL'S QUALITY ' 

.ttatat BRAND NEW TUBES 
NOT USED 

TO 75% OFF /GUARANTEE 
I DAY SERVICE OVER 500 TYPES IN STOCK 

Qty. Type 

0Z4 
1 662 
113 
163 
1RA 
1114 
1115 
1x2 
2864 
2075 
34u6 
3616 
3815 
MIS 
3826 
3018 
31376 
314 
41011 
4507 
4527 
SATO 
7157 
5100 
511.8 
S/1 
SUS 
SUO 

Price Qty. Type Price 41y_ Type Price Qty. Type Price 
.7, 
.62 

573 
6454 

.46 

.46 
6806 
6607 

1.12 
1.00 

.7. 

.71 
SAC, 
SAF4 

16 
1.01 

681.18 
6826 

70 
.55 

.77 
72 

GAGS 
66114 

.70 

.11 
6827 
6Ca 

1.03 

65 
62 

6AM6 
MLA 

1.10 
.47 

6CB6 
6C06 

.45 

.55 
1.51 

64 
70 

GAMS 
GANG 

.71 

.13 
6067 
6CG1 

61 
.10 

54 
63 

6A05 
SASS 

.53 

.60 
6CL1 
6[73 

.71 

.70 
63 
.51 

SATO 
Mut .56 

.15 
6006 
6076 

1.10 
.53 

.56 

.54 
66116 
6AU5 

.52 6[46 
616 

.71 
71 

.54 
05 

6AVG 
'Awe 

AI 
/0 

66 
6L16 

63 
1.0B 

1.01 
1.01 

6046 
6046 

66 
50 

654 
6SN7 

52 
65 

.03 

.53 
68E5 
6856 

61 
55 

678 
GUS 

55 
.83 

.116 

.7I 
6E156 
6016 

66 
55 

6V66T 
6W4 

.54 
G1 

.72 
.72 
.w 
.14 

6816 
6BL 
Goss 
6861 

65 
95 
00 
62 

6W6 
64561 
646 
7ÁU7 

.71 
53 
.10 
.6S 

NAME 

ADDRESS 

CITY STATF T 

12606 .57 
12605 .BO 
12ATS .50 
12677 .76 
12AU7 .61 
121116 .41 
12624 .67 
1261(7 .63 
1211166 .50 
121E6 .53 
12557 .77 
/21L6 .56 
12006 1.16 
12177 .77 
12006 1.01 
125A76T .11 
1255707 .13 
12557 .67 
1250761 .11 
11AU1 ./7 
25106 1.17 
25106 1.52 
2511 .37 
25W1 .N 
3SW4 .42 
3525 .co 
5015 .53 
5011 SI 

Fig. 13. Allard Instrument electro- mechan- 
ical readout uses seven rotary solenoids. 

responding selector blades are actuated. 
Fig. 11 shows three of the solenoids and 
the selector blades attached to them. 
Running in the center under the numeral 
plates is a set bar which lifts all plates 
up, then allows the selected one to drop 
into the notched position. Each time a 
new number is to be displayed the se- 
lector blades are set first, the bar lifts 
all plates, and the selected one drops to 
display the nmber. 

Only 100 milliwatts is required to set 
the selector solenoids, making transistor 
drive feasible. Decoding from binary to 
decimal is done by the selector blade 
and the notching combinations Of the 
individual numeral plates. As an added 

feature in the 1,E.E., Inc. "Bina -View" 
model, four sets of reed switches are 
used underneath the four selector blades 
to provide a status readout signal for the 
data processing equipment. This pro - 
vides a memory because once a number 
is set in, the computing device can al- 
ways read that number out through the 
four reed switches. 

Servomechanisms, Inc. recently an- 
nounced a 64- character readout whose 
operation is based on light interference. 

Troubleshooting these types of read- 
out m: be very difficult because of their 
complexity. It is wiser to return them to 
the maim! acturers for repair or replace- 
ment. 

Fig. 14. Checkerboard display produced by 
"Bina- View" readout shown cutaway in Fig. 11. 

IllGUIDE 111 TUBE 60PARTS CATALOG 

RAD -TEL TUBE CO 
DEPT. EW -2 55 CHAMBERS STREET. NEWARK 5. NEW JERSEY 

TERMS 15% deposit must accompany all orders. balance COD Orders under SI add SI 
bandlIng charge plus postage Orders over S5 plus postage Appros e tubes per I It Subject 
to prior sale No COD's outside continental USA 

E 1= Iiti11 Mi 
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GREENLEE CHASSIS PUNCHES 
Make accurate, finished holes in I I:» 
minutes or less in metal. hard rubber 
and plastics. No tedious sawing or 
filing -a fell' turns of the wrench 
does the job. All standard sises 
round. -({uare. key. or "D" shapes for 
socket:, :witches. meters. etc. At your 
elect r llic parts dealer. Literature on 
re11u't- 

GREENLEE TOOL CO. Gp - -E 
2027 Columbia Ave., Rockford, Illinois 

CIRCLE NO. 121 ON READER SERVICE PAGE 

1 E E E 
SEE 

THE NEW 
ELECTRONIC 
WIZARDRY 

iÌl 

I- TRIPLE -E's 
International Convention 

and Exhibition in New York 

MARCH 25, 26, 27, 28 
The COLiSEUM at Columbus Circle 
& The WALDORF ASTORIA HOTEL 

r.IEMBERS s1.00: NON -MEMBERS $3.00 admission 
MINIMUM AGE: 18 

S 0 W 
,formerly the IRE Snow) 
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T &C II 
TRANSCEIVER 

New dual conversion 6 channel crystal 
controlled transceiver with tunable re- 
ceiver for all CB channels. S meter and 
signal strength output indicator, external 
crystal socket, auxiliary speaker terminal 
and universal power supply. Deluxe 
chrome cabinet. List Price 199.95 

TOWN & COUNTRY 
MC -27 TRANSCEIVER 

ual conversion 6 channel crystal con- 
trolled. Exceptional sensitivity and selec- 
tivity. Double Gated Noise Suppression 
circuit, AVC with improved squelch cir- 
cuit. Universal power supply. Deluxe 
chrome cabinet. List Price 179.50 

GIZMOTCHY 

A 

BUDDY WHIP 

CB ANTENNAS 

GIZMOTCHY 2 in 1 

Vertical -Horizontal Beam 
Antenna for hi- efficiency 
and greater distance base 
station performance 
L st Price. .55.95 

BUDDY WHIP 
96 inch fibre glass mobile 
antenna. Can be adjusted 
to any position from driv- 
er's seat. List Price 24.50 

UTICA 
COMMUNICATIONS CORP., 

Dept. EW-2 

2917 W. IRVING PARK RD., 

CHICAGO 18, ILLINOIS 

Sold througn leading Parts Distributors 
CIRCLE NO. 149 ON READER SERVICE PAGE 
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Multiplex Signal Generator 
(Continued from page 58) 

The 19 -kc. oscillator, VIA, is the 
familiar circuit used in many matrix -type 
multiplex adapters. The output drives 
two 38 -kc. series -connected tuned dr- 
cuits, T1 and 1'2. The second 38 -kc. 
transformer, T2, lowers the amplitude 
variation of alternate peaks of the 38 -kc. 
sine wane. The output is attenuated by 
R3 and R4 and fed to the control grid of 
V2. 

The 19 -kc. oscillator circuit may drift 
as much as ± 10 cps with variations in 
ambient temperature, consequently it 
must be locked, through the "19 Kc. 
Sync. In" input on the front panel, to a 
reference oscillator whose stability com- 
plies with the FCC frequency tolerance 
of 19 kc. 1 2 cps. Although a crystal - 
controlled oscillator could be built for 
this purpose, a less expensive (a 19 -kc. 
crystal may cost $20 or more) solution 
at the present time is to use the 19 -kc. 
pilot carrier transmitted with all FM 
multiplex broadcasts. This signal, which 
meets the FCC frequency tolerance re- 
quirement, can be obtained from an FM 
receiver tuned to a station broadcasting 
a multiplex program. The tuner output 
is amplified, filtered with a very sharply 
tuned 19 -kc. bandpass filter, and con- 
nected to the "19 Ku. Sync. In" input. A 
filter for isolating the 19 -kc. pilot carrier 
appears on page 62 in this issue. It can 
be built as a separate unit or incorpo- 
rated in the signal generator. 

The full -wave power supply employs 
an 0A2 voltage regulator tube to stabilize 
the WI- . The 19 -kc. and 1 -kc. oscillator 
power is obtained from a decoupled 
section (B2) of the power -supply filter. 
A 6.3 v., 60 cps voltage is taken from 
the filament winding to modulate the 
right channel when Si is in the "1 kc. 
Left, 60 cps Right" position. One side of 
the filament winding is grounded as pin 
5 of 1'2 flutist be grounded. 

Construction 
The multiplex signal generator is built 

in an LAIB 1V -1C cabinet with a 6"x 
8Ii" built -in chassis. In the original lay- 
out space was left for an output meter. 
The installation of this meter was later 
found unnecessary as the output can be 

checked with a high -quality v.t.v.m. and 
an oscilloscope, as described in the sec- 
tion on application and use of the gen- 
erator. The can of electrolytic capacitor 
C32, C33, C35 is the only chassis 
ground. All ground connections should 
be made to points that connect to the 
can. A symmetrical layout of compo- 
nents associated with the 6JH8 tube is 
suggested to avoid unequal wiring ca- 
pacitance. The author added capacitors 
C17 and C19 to improve the waveform 
symmetry at higher frequencies. The 
value and location of these capacitors 
were determined by trial and error and 
may have to be different in your unit. 

Switch S1 provides an external -input 
normal, external -input reversed, and the 
internally generated audio signal for 

Fig. 9. Signal at E, Fig. 5. Positive or 
negative audio produces complete envelope. r iniiamos 
r .4111111111M' 

Fig. 10. One cycle of 19 kc. and left au- 
dio. Audio is in first and third quadrants. 

each channel. If a single -frequency ex- 
ternal input signal is applied to the left 
channel binding posts, it may, for ex- 
ample, he quickly switched from left to 
right channels by moving S1 from the 
"Ext. Nor." position to the "Ext. Rev." 
position. Simultaneous dual inputs are 
fed to the correct channels when SI 
is in the "Ext. Nor." position. 

Generator Alignment 
When the unit is built, the 19 -kc. and 

38 -kc. coils (L1,T1,T2,T3) will require 

AU010 

GENERATOR LEFT INPUT 

MULTIPLEX 

SIGNAL 

GENERATOR 

MULTIPLEX ADAPTER 

OR MULTIPLE% CIRCUIT 

IN FM TUNER 

l 

L 

AUDIO 

GENERATOR 

RIGHT INPUT 

1 
FROM LEFT 
OR RIGHT 
OUTPUTS 

f 

OSCILLOSCOPE 

OR V.T.V.M. 

Fig. i 1 Suggested 
test -equipment setup 
for checking multi- 
plex adapters or mul- 
tiplex circuitry in tun- 
ers or FM receivers. 
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HEAR! HEAR! In High Fidelity, the name LEAK is acclaimed "The 
Finest." Performance, Engineering and lowest distortion merit this reputation ... 
as yet unsurpassed. Now LEAK's unrivalled engineering is graced by the elegance 
of the finest in modern design .... styling so beautiful that it has just been 
awarded the coveted Fashion Foundation of America Gold Medal. 

As a critical listener with an equally discriminating eye for appearance, the NEW 
LEAK Line merits your attention. See* the dynamic, revolutionary NEW LEAK 
Piston -Action "Sandwich" Speaker System -"the first major invention in loud- 
speakers since 1925." See* the powerful NEW LEAK "Stereo -60" Amplifier with 
the "straight- line" response curve. See* the NEW LEAK "Point -One" Control 
Center -choice of professional broadcast engineers. See* the sensitive NEW 
LEAK FM tuner with multiplex adaptability ... you will even marvel at the Decro- 
disc controls which color- blends the NEW LEAK system to your room decor ... 

... they await your appraisal at your nearest LEAK Franchised Dealer 

NEW LEAK "STEREO 60" 
60 WATT AMPLIFIER 

NEW LEAK FM TUNER 

.`'".`--- 1 

NEW LEAK STEREO 
CONTROL CENTER 

Fig. 12. R (top) and L (bottom) outputs of 
adapter; 1000 cps to generator left input. 

touching up. Allow ten minutes for the 
unit to warm up then connect an oscillo- 
scope to Lug 1 of L1. Apply an accurate 
19 -kc. signal to the "19 Kc. Sync. In" 
jack on the front panel. Adjust L1 from 
the top until jittering stops. Readjust LI 
until it is in the center of the "stable - 
trace" region. An alternate method is to 
connect the vertical input of the scope 
to Lug 1 of L1 and the horizontal input 
of the scope to a source of an accurate 
19 -kc. signal. Adjust L1 until a 1:I Lis - 
sajous pattern is obtained. ( Note: The 
Lissajous pattern will vary from a single 
line inclined 45° to the right through 
an ellipse to a circle, through another 
ellipse, and to another single line in- 
clined 45° to the left, duc to the varying 
phase relationship between the signals.) 
Now connect the 38 -kc. signal at Lug 3 
of T2 to the vertical input of the scope 
and connect the 19 -ke. signal at Lug 1 of 
LI to the horizontal input of the scope. 
Adjust TI and T2 until an approximate 
2:1 Lissajous pattern is obtained. The 
next step is to connect the scope vertical 
input to Lug 3 of T3. Set the scope to in- 
ternal sweep and adjust T3 for maxi- 
mum amplitude. 

Connect the scope to the output ter- 
minals of the generator, advance R35 
( "Level') full clockwise, eliminate all 
19 kc. by adjusting R1 on top of the 
chassis so its wiper arm is grounded, and 
adjust "Balance" control R 13, for mini- 
mum output. The residual signal should 
be about 0.02 v. r.m.s. of 38 kc. Turn Si 
to "1 Kc. Right" and adjust "Balance" 
control R27 to obtain the best composite 
waveform symmetry. With the oscillo- 
scope adjusted to give a trace pattern 
identical to that shown in Fig. 1, lower - 
right photo, apply some 19 -kc. pilot sig- 
nal by means of R1 on the top of the 
chassis. Eight to ten per -cent of the total 
signal is the amount specified by the 
FCC. The photo in the lower left of Fig. 
1 shows the composite output with 8 -10% 
19 -kc. pilot added. Readjust the sweep 
of the oscilloscope until the lower semi- 
circle of the composite signal fills the 
scope screen as in Fig. 7. Readjust T1 
and T2 slightly until the trace appears 
exactly as in Fig. 7. It may be necessary 
to temporarily increase the 19 -kc. signal 
to make the pattern more apparent. 
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THE NEW LEAK PISTON 
ACTION SPEAKER SYSTEM 

THE NEW 
LEAK LINE 

FASHION FOUNDATION OF 
AMERICA'S GOLD MEDAL FOR 

DISTINCTIVE STYLING. 
_ rata 

See January 1963 
Electronics World Review 

of the Leak Speaker System 

Literature, 
Performance data 6, Price List 

available upon request 

r:e U.S. Represents 
ERCONA CORPORATION, 16 West 46th St., New York, N. Y. 

In Canada: ELDON INDUSTRIES of CANADA LTD., Don Mills, Ontario 

*of course, be sure to HEAR it! 
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RFOR "DOCTORS OF 

SERVICING" 

C 
tis 

er)a 
ROT 

The Professional 
Service Man's 

Cleaner 

on emergency 
calls.,. 

Be sure to spray Shield on elec- 
trical contacts and switches. A few 

squirts of this trouble -shooter extraor- 
dinary before servicing cleans the set clean- 
er, lubricates it better -often cleans up the 
trouble at once. A "shot" after servicing 
provides sure -shot protection that lasts. 
Silicone Base means Total Cleaning Power. 
Write for handy guidebook to better clean- 
ing. Channel Master Corp., Ellenville, N.Y. 

FREE! 7" extension tube with every 
can! Reach everything easy! 

C 1962 CMC 

CIRCLE NO. 165 ON READER SERVICE PAGE 

MOBILE -RADIO 
MAINTENANCE [nn mEnn 

A BETTER HOME ... 
A BIGGER CAR ... 
AND MONEY 
IN THE BANK ! 

Mobile radio -already a great and growing 
business -will grow far larger. The FCC is as- 
signing many more channels ... and now any 
type of business or industry can have its own 
2 -way radio system. Right now there are over 
2,000,000 transmitters in the Safety and Special 
Radio Services. Citizens Radio is exploding. This Lampkin meters are the preferred 
equipment needs installation . . . maintenance test equipment! 

. . repair . .. and FCC -required checks. Most mobile-radio 
earn profits for their owners and must be kept 
on the air 12 months a year (often 24 hours a 

day( -so this work pays well. 
Not many radio and TV servicemen bother 

to qualify to profit in this booming busi- 
ness- because an FCC operator's license is 
necessary. A far -sighted few are making big 
money. To learn how you can be one of these 
few, mail coupon below for your free copy 
of the booklet "HOW TO MAKE MONEY 
IN MOBILE -RADIO MAINTENANCE ". 

MAIL THE COUPON NOW - 
THERE'S NO OBLIGATION ! MODULATIONSM ETER 

-1 RANGE 25 TO 500 MC 
LAMPKIN LABORATORIES, INC. I PRICE $270.00 

LAMPKIN 105.0 
FREQUENCY METER 
ANGE 0.1 TO 175 MC. 

AND UP 
1113 PRICE $260.00 

MFM Division, Bradenton, Florida 

At no obligation, please send me the free booklet 
"HOW TO MAKE MONEY IN MOBILE -RADIO 
MAINTENANCE." Also, technical data on Lamp - 
kin meters. 

Name 

Address 

City State 

70 

NEW : The tempkin PPM Meter to check frequency on split 

cbnnels above 50 MC, Accuracy 0.0001%. Price $147.00. 

LAMPKIN LABORATORIES, INC. 
MGM Division 

BRADENTON. FLORIDA 
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An alternate method of adjustment 
was described by D. R. Bolgiano in the 
article "FM Stereo: A Broadcaster's 
Viewpoint" in the September, 1962 issue 
of ELECTRONICS WORLD. With this 
method, the 19 -kc. signal should be in- 
creased somewhat by means of R1, the 
audio output removed, and one cycle of 
the 19 -kc. signal displayed on the oscil- 
loscope screen. The beginning of this 
pattern should be positive -going. Nov 
apply a small amount of left -channel 
audio to the generator. Modulation of 
the 19 -kc. signal should then appear 
principally in the first quadrant (0 ° -90° ) 
and in the third quadrant ( 180°-27 0° ) 
of the sine wave. (See Fig. 10.) Appli- 
cation of a right -input -only signal pro- 
duces modulation of the 19 -kc. sine 
wave principally in the second quadrant 
(90° -1800) and in the fourth quadrant 
( 270° -360° ) . Slight adjustment of trans- 
formers T1 and T2 may be required to 
achieve this. 

As a final check, connect the generator 
to a multiplex adapter known to be in 
exact alignment and confirm that a right - 
channel audio input to the generator 
results in a right- channel output from 
the adapter. The 19 -kc. oscillator coil in 

some adapters must be adjusted exactly 
on frequency or the right- and left -chan- 
nel outputs will be reversed. 

How to Use the Generator 
The signal generator may be used to 

check -out the operating characteristics 
of multiplex circuits such as frequency 
response, output level, and channel sep- 
aration at various frequencies. A sug- 
gested test- equipment set -up is shown 
in Fig 11. The external audio generator 
is used in addition to the built -in audio 
generator in the multiplex generator. 
When a separate multiplex adapter is 

under test, a direct connection is macle 
to it from the signal generator. Tuners 
with built -in multiplex circuits require 
generator connection at the input of the 
multiplex circuit. This point is deter- 
mined by examination of the tuner sche- 
matic. 

A generalized test procedure is as fol- 
lows: With SI in the "Ext. Nor." position. 
feed a 100 -cps sine wave of 1 -4 -volt 
amplitude to the left input of the signal 
generator. The generator output is moni- 
tored on the scope for waveform sym- 
metry and a v.t.v.m. is used to determine 
signal amplitude; 0.5 to 1.0 v. r.m.s. is 

usually specified. The generator should 
now be connected to the adapter and the 
signals at the left and right adapter out- 
puts examined for waveform and signal 
level. The instructions supplied with the 
particular multiplex adapter should be 
followed. The 100 -cps input to the gen- 
erator should now be routed to the right - 
channel by moving SI to the "Ext. Rev" 
and the multiplex adapter outputs for 
both channels should be observed and 
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the signal levels recorded. The system 
outputs at 1 kc. and 400 cps for both 
left and right generator inputs and left 
and right multiplex adapter outputs 
should be obtained and recorded. Chan- 
nel separation in db should also be cal- 
culated and recorded. For quick check- 
ing of multiplex adapters, the built -in 
1 -kc. oscillator is very useful. The com- 
bined 1 -kc. and 60 -cps signal inputs also 
may be used, but in general, a single 
sine -wave input to alternate generator 
channels is the more useful procedure. 
The 19-kc. output on the front panel 
is used for touching up adapters with a 
built -in 19 -kc. oscillator. 

Test Results 
The characteristics of a well -designed 

transistorized multiplex adapter were 
measured with this signal generator. 
With the internally generated 1 -kc, sine 
wave feci to the left input of the gener- 
ator, the right- and left -channel outputs 
of the adapter were observed on a dual - 
trace oscilloscope (Fig. 12). Suppression 
of the unwanted channel is very good 
although some 19 kc. is visible in the 
upper trace. Test results on the same 
adapter at two audio frequencies are 
given in Table 2. Channel separation is 
particularly good at 400 cycles. 

Table 2- Multiplex Adapter Performance 

Freq. 
cps 

Generator 
Input 

v. r.m.s. 

Adapter 
Output 

v. r.m.s. 

Channel 
Sep. db. 

L R L R 

400 0.5 .72 .045 24 
400 - 0.5 .062 .75 22 

1000 0.5 .62 .060 21 
1000 - 0.5 .052 .52 20 

EXTENDING ZINC -CARBON 
BATTERY LIFE 

By JOHN POTTER SHIELDS 

COMMON zinc -earl batteries are a 
bandy source of power for transis- 

tor circuits. Unfortunately, the internal 
resistance of these batteries can become 
rather large Tong before they are t 
pletely exhausted. As a result, positive 
feedback may occur in a multi-stage am- 
plifier because signals fr several stages 
will appear in -phase across the battery's 
internal resistance. 'flic effect is the s. 
as if a resistor were connected in series 
with one of the battery terminals. 

A high -value electrolytic capacitor 
(250 µf. or greater) connected directly 
across the battery to als will provide 
a low -impedance shunt for a... signals 
and will offset the battery resistance. 
The d.c. working voltage Of the capacitor 
should equal or exceed the battery volt- 
age. 

Obviously the capacitor will not cor- 
rect for the drop in battery voltage when 
a Toad is applied but it will enable you 
to squeeze a bit nu( re life out of a Irtt- 
tery and at the sanie time it will just pos- 
sibly clear up an elusi,. feedback prob- 
lem. 
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0 
1963 CATALOG 

"BEST BUY ' KITS 
and Electlorn Equipment l;.- 

CONNAI 

Get your FREE 

1963 CATALOG 

N 
It's full of exciting new electronic kits of 
highest quality. Many items available in 

both kit or assembled form. Home entertainment items that make perfect 
family gifts or test instruments for the technician who appreciates quality 
and high performance. Tools, too, to make your work easier, faster. And 
you'll like the reasonable prices and convenient payment plans which 
make CONAR Kits easy to own. Mail coupon for new 1963 Catalog now. 

5 -Inch Wide Band 
Oscilloscope Kit 
For black- white, col- 
or, AM -FM and elec- 
tronic applications. 
High intensity trace. 
Extremely stable 
sync. Advanced de- 
sign. Kit: $89.50 
Assembled S139.50 

IL3 
"Custom 70" 
TV Set Kit 
Excellent aenaitiv- 
ity. Transformer 
power supply; 3 
stages of IF. In- 
cludes cabinet, 19" 
tube - everything. 
NOT a portable. 

Kit: 5135.00 

Transistor 
Radio Kit 
Superb tone and sen- 
sitivity. No delicate 
printed circuits. At- 
tractive, durable 
case. All U.S. made 
parts. Kit: $25.50 

CONAR 

Vacuum Tube 
Volt Meter Kit 
6 -Inch Meter) 

RMS and p. to p. 
scale. Input imped. 
12.2 megs. Profes- 
sional performance. 

Kit: $31.95 
Assembled: $44.95 

division of 
NATIONAL. RADIO INSTITUTE 

Mail this Coupon 

GUARANTEE 

Parts and perform- 
ance guaranteed 
by NRI - nearly 
50 years of pio- 
neering in Elec- 
t ronics. 

CONAR 
3939 Wisconsin Ave., N.W. 
Washington 16, D.C. 
Send me your new 1963 CONAR KIT CATALOG 

BB:u 

Name 

Address 

City _Zone_State 

Full Color Giant Fold -Out 
Charts Still Available! 

Here's a complete series of colorful, authoritative fold -out wall- charts 
(originally appearing in the pages of ELECTRONICS WORLD) - 
yours for only 15C each. All in full- color -each suitable for framing. 

2. HI-Fi Crossover Network Design Charts: Tells how to build speaker nets 
for any crossover frequency. Complete coil- winding data, capacitor values 
given. 

4. Bass -Relies Design Charts: Complete data on building own bass -reflex 
enclocares toy ;ut .p,:aker. including. ducted -port enclosures. 

5. Radio Amateur Great Circle Chart: For Hams and short -wave listeners - 
gices complete litin_ and man of amateur prefixes by calls and countries. 

IMPORTANT: ORDER BY NUMBER! OUR SUPPLY OF THESE FOLD -OUT 
CHARTS LIMITED. OFFERED ONLY ON A FIRST COME. FIRST SERVED BASIS. 

Send I 5C per selection to ELECTRONICS WORLD 
Box 378. Church Street Station New York 8, New York 
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"MY income since 

I started with 

RCA Institutes 

has been more 

than doubled!" 
"I now hold a highly interesting job 
with a promisingfuture as an electronic 
technician, thanks to RCA Home Train- 
ing. Might I also state that if it were not 

for RCA's liberal tuition plan that I 

would have found things much more 
difficult, or perhaps impossible." 

Dennis R. Crop, Forest Grove, Ore., 
former farm hand, now Electronic Technician 

(June, 1962) 

"RCA Home Training has given me the necessary 
background to pass the required tests for my present 
position." 
"You are to be commended on the excellent content and study material of 
your courses. By going into electronic theory a little bit 'deeper', your Elec- 
tronics Fundamentals Course far exceeds many other courses that try to 
cram too many different phases of electronics into one short course." 

Robert David Regina, Marienville, Pa., (July, 1962) 

former mechanic, now Test Maintenance Technician 

"1 Began Servicing radio and TV sets after four weeks 
of your Home Training Course." 
"I selected RCA Training after investigating other popular courses and found 
them inadequate. I believe RCA Home Training is the most informative and 
most advanced course in the home study field ... The whole thing from 
beginning to end is laid out clearly and in a fascinating manner and is so 
interesting that I was always eager to try the next step ..." 

Clarence Reneau, Dandridge, Tenn., (June, 1962) 
former electrician, now self - employed Radio -TV Technician 

Actual statements made by RCA Institutes graduates. 

72 ELECTRONICS WORLD 

www.americanradiohistory.com

www.americanradiohistory.com


RCA 

Home training 

can start 

you on an 

Electronìcs 

career now! 

RCA INSTITUTES, INC. Dept.Ew -23 

A Service of Radio Corporation of America, 
350 West 4th St., New York 14, N. Y. 
Pacific Electric Bldg., 610 S. Main St., 
Los Angeles 14, Calif. 

The Most Trusted Name 

in Electronics 

February, 1963 

The dramatic success stories reported here are just a few of the many 
actual case histories on file at RCA Institutes, proving that the world 
of electronics offers you one of the fastest ways to a profitable career 
and a secure future. Today, more than ever before, RCA Institutes 
Home Training can be your key to a successful tomorrow. 

COMPLETE SELECTION OF HOME TRAINING COURSES. RCA gives 
you a wide selection of electronics courses to choose from, including: 

Electronic Fundamentals 
TV Servicing 
Color TV 
Communications Electronics 

Automation Electronics 
Computer Programming 
Transistors 
Electronic Drafting 

You get prime quality equipment to keep and use on the job, and all 
kits furnished are complete in every respect. 

LIBERAL TUITION PLAN. In addition, RCA has the most liberal tuition 
plan; you pay only for lessons as you order them and have no long 
term obligations. Investigate this great opportunity now -from RCA - 
the name that means dependability, integrity, and scientific advance. 
Take the step that can mean a successful career now! Send for the 
free RCA Home Training catalog! 

MISSILE TRACKING 

4.. 
RADIO -TV REPAIR INDUSTRIAL COMMUNICATIONS 

CLASSROOM TRAINING. No previous technical training required for 
admission. You are eligible even if you haven't completed High School. 
RCA also offers you classroom train- 
ing of the highest caliber if you pre- 
fer to build your electronics career 
at one of the convenient locations 
throughout the country. At RCA In- 
stitutes, Inc., Resident Schools in 
New York City and Los Angeles, and 
at RCA Technical Institute in Cherry 
Hill near Camden, N. J., you can 
prepare for a rewarding position in 
the exciting field of electronics. 

Coeducational Day and Evening 
Courses are available. You can pre- 
pare for a profitable career in elec- 
tronics while continuing with your 

SEND ATTACHED PRE -PAID 

POSTCARD FOR FREE 

ILLUSTRATED BOOK TODAY! 

SPECIFY HOME TRAINING 

OR CLASSROOM TRAINING! 

normal full -time or part-time em- 
ployment. Classes start at regular 
intervals throughout the year. 

FREE PLACEMENT SERVICE. 
RCA graduates may take advantage 
of the free placement service offered 
to them. A recent Resident School 
class had 92% of the graduates who 
used the FREE Placement Service 
accepted by important electronic 
companies ... and had one or more 
jobs waiting for them on the day 
they graduated. 

Check "Classroom Training" and 
information will be rushed to you. 
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JENSE N 

your choice ... 
the Thin Look ... 
with Big Sound 

If you are intrigued by the "chin 
look" -and we believe it is one of 
the waves of the future, pause to 
consider that only Jensen offers a 

complete selection of types, sizes and 
prices. This is because we naturally 
take the view that we must offer the 
biggest hi -fi sound that can be inserted 
into a given size and cost -with 
choices that you alone are competent 
to make. But rest assured that in 
every category of diminutized appear- 
ance and price, you'll get better 
sound per cubic inch or per dollar 
with a Jensen "thin look" speaker 
because we have so much more to 
work with ... in component gear - 
and skills. Prices range from $39.95 
to $139.50. Write for Catalog 165 -H. 

CIRCLE NO. 
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JENSEN MANUFACTURING COMPANY 
Division of THE MUTER COMPANY 

6601 S. Laramie Ave , Chicago 38, Illinois 

Canada' Radio Speakers of Canada. Ltd, Toronto 
Argentina UCOA, S. A.. Buenos Aires 
M1e,ico Fapartel, S. A., Naucalpan, Mer. 
151 ON READER SERVICE PAGE 

TRANSISTORI Z ED 
WIRELESS INTERCOM 

By L. M. DEZETTEL 
Engineer, Allied Radio Corp. 

Description of some of the 
unusual circuitry and its 
operation as utilized in 
a new "Knight -Kit" unit. 

Each station measures only 8 Y. " x 5 3/e " x 3 ". 

THE COMPLETE transistorization 
of "Knight -Kit's" new wireless inter - 

com introduces some novel circuitry to 
the technician and significant advan- 
tages for the end user. One innovation 
-the absence of any "on -off" switch - 
is a notable departure from standard 
practice, while other design elements, 
like a new squelch system, represent 
an. updating process from tube to tran- 
sistor. The intercom relies on semi - 
conductors to achieve the benefits of 
negligible power consumption and the 
cool operation desired in a continuous - 
service device. 

Before discussing specific points, here 
is the general circuit lineup. Essentially, 
the transistor intercom functions like its 
tube counterpart in that the device is 
a transceiver capable of sending and 
receiving intelligence over the house 
%%.iring. As shown in the schematic (Fig. 
I), four transistors comprise the basic 
complement. \\Then the "Talk- Listen" 
switch S: is on "Talk," all stages are con- 

netted for transmitting. The voice enters 
loudspeaker LS and is boosted by audio 
amplifiers Q_, Q:,, and Q,. Amplified 
audio is applied to the collector of Q,, 
an r.f. oscillator which generates a carrier 
of approximately 200 ke., and modula- 
tion occurs. Output energy is applied to 
the power line inductively through the 
windings of special coil L,. 

When the "Talk- Listen" switch is in 
the "Listen" position, it re- arranges the 
circuit for receiving. Here, there is a de- 
parture from the tube -type intercom. In- 
stead of applying the received signal 
directly to a detector stage, it drives 
transistor Q,, now operating as an r.f. 
amplifier. This is the expedient which 
provides the unusually high sensitivity 
needed for weak -signal conditions. The 
effect is further heightened by trans- 
former T,, which peaks the output of the 
r.f. amplifier. 

The separation of audio modulation 
from its r.f. carrier takes place in the 
crystal diode CR,. Actually there is a 

Fig. 1 Circuit diagram of wireless intercom. Notice that transistor Or is used 
as a 200 -kc. oscillator during "talk'' and as an r.f. amplifier during "listen." 

.;E, 
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splitting at this point; part of the signal 
travels to the speaker atter ampli;icaiion 
in Q.: and Q.. The other portion is di- 
verted for activation of the squelch cir- 
cuit which keeps the intercom immune 
to annoying line noises and muted dur- 
ing no- signal conditions. 

Operation of Squelch 
Transistor Q, an audio amplifier dur- 

ing transmitting periods, is now con- 
nected as a squelch control stage. Its 
action is interesting since it typifies how 
a tube function is effectively performed 
by a transistor. Referring back to CR., 
the detector, it is apparent that rectifica- 
tion of an incoming signal creates a pos- 
itive voltage at the diode's cathode, or 
output, terminal. Notice how this is ap- 
plied to the base of squelch transistor Q_, 

and appears only when a signal is re- 
ceived. The transistor utilizes this posi- 
tive signal to switch audio amplifier Q. 
on or off. 

To understand the sequence of events 
occurring at the squelch, it is best to con- 
skier first the normal bias conditions at 

the amplifier to be controlled. Nega- 
tive bias for the base of this stage is de- 
rived from the resistor divider network 
composed of R. (from collector to base) 
and R. ( from base to ground) . The re- 
sistance values are selected so the stage 
will behave as a conventional audio am- 
plifier, its operating bias tapped from the 
negative leg of the power supply 
through the dividing network. Notice, 
however, that the squelch output is also 
tied into the base of Q:I. This is the lead 
running from Q_ collector, through the 
"Talk- Listen" switch, and to the base of 
Q:. It is in this circuit branch that bias 
control is exercised. 

The action may be explained by ob- 
serving the condition of the squelch 
transistor when no signal is impressed on 
its base. During this time its collector 
circuit conducts a steady, static current 
as determined by the setting of squelch 
pot It (lower left in schematic). The 
direction of current flow through Qr acts 
to cancel part of Q:'s operating bias 
through their common connection de- 
scribed above. Loss of adequate bias on 
the base of Q:. creates a cut -off condition 
and the intercom speaker remains quiet. 

Circuit conditions change sharply 
when the squelch stage receives the pos- 
itive signal from diode CR,, whenever a 
message is received. Impressed with a 
positive bias, the static squelch current 
drops and the collector no longer exer- 
cises its cut -off effect on Q. Normal am- 
plification takes place as bias resistors 
R. and R. can perform their voltage -di- 
viding job unhindered by the clamping 
effect of the squelch. 

Other Circuit Features 
Other sections of the circuit point up 

the transistor's characteristic imprint. 
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Most significant is the absence of an 
"on-off"switch. It reflects a design phi- 
losophy which evolved during early en- 
gineering stages. It was felt that the tran- 
sistor's low power consumption could 
completely eliminate a disadvantage 
often encountered in intercoms -missing 
calls when the unit is turned off. With a 
full complement of transistors and the 
semiconductor power supply, this unit 
eliminates that problem. Total power 
consumption from the line is below 4 
watts. Even at the residential rate of ap- 
proximately 3 cents a kilowatt hour, the 
cost of continuous operation can be con- 
sidered negligible. 

As an added safeguard against missing 
calls, R. is inserted between the volume 
control and ground to keep the volume 
control from being turned off com- 
pletely. Although the pot's wiper may 
be rotated fully counterclockwise, R11 

keeps it sufficiently above ground so 
some signal will reach the speaker, albeit 
low in level. 

Hand in hand with low power con- 
sumption is another benefit which may 
be welcomed by the installer. The circuit 
is cool in operation which increases the 
number of mounting options. It may be 
placed in extremely small and confined 
areas without regard to ventilation or 
overheating. The compactness possible 
with transistorization results in a trim 
cabinet that lends itself to a variety of 
odd mounting locations. Of course, the 
"wireless" feature eliminates station -to- 
station interconnections and adds ver- 
satility. 

REPEAT FILAMENT "BREAKDOWN" 

By DONALD J. PROVENCHER 

S THIS experience ft 'liar? You re- 
-1- placed an octal -based tube-say a 5U4 -in a TV set because the filament wasn't 
lit, and that scented to take care of the 
matter. You were subsequently called 
back because the replacement also went 
dark. Perhaps you had to go through this 
cycle once more before realizing that the 
original defect was in the socket, not the 
tubes. If you don't remember such an 
experience with a 5U4, it may have oc- 
curred with sonic other type whose fila- 
ment draws appreciable current, like a 
6AX4, 610Q6, or 6CD6. 

Next time you run into filament 
trouble on such octal tubes, give the 
heater pins a simple, visual inspection. 
One or both of them may be discolored, 
and some solder may have run out of the 
pin. Such signs confirm a defective 
socket. For a temporary repair, the fila- 
ment pins of the new tube can be crimped 
somewhat so that they will make good 
mechanical connection in the socket, un- 
til you can get the set into the shop for 
a replacement job. 

Keeping this possibility in mind has 
been to our benefit because it reduces 
call- backs. It increases customer confi- 
dence. Besides, minimizing call -backs 
means more profit. This type of fault 
was checked for ab t a year before the 
tube and socket check was made a regu- 
lar shop practice. 

GET IT from GOODHEART! 
FREQUENCY -METER BARGAINS 

Lampion PPM Package: -1058, 111. FCC OK 100 
kc -SOD me, regular $407.00. $203.50 only 
Navy LM. .125 -20 mc w /matching book, $59.50 stl, sthematLC, Instrucf., 100% grtd Y 
AC Pwr for LM: Modify new LAO, w /LM plug. s li 
con diodes. instructions we $9.95 furnish 

-173: Less modulation, 100% OK grtd...S 69.50 
TS -173 w 'AC pwr sply, 90.50 mC..005%..$150.00 
TS.174. 20.280 mc. .01 . $150.00 
TS.323. 20.450 Inc Ó05'.0O27 275.00 
TS -186, 0.1.10 KMC. .Ol 4.. 'al tallb $295.00 

ARC -3 and ART -13A TECH MANUALS! 
Handbooks mainten.. Oper., theory. sehem. $10.00 dwgc, e1C. Either hook postpaid 

2 -METER RECEIVER & 2/6/10 METER XMTR 

SCR -522 rcvr, xmtr. rack b 
case. exc. Cond. 19 tubes 
include 832As. 100-156 me 
AM. Satisfaction grtd. Sold 
at less than the tube cost In 
Surplus! 5hpg wt 85 lbs. 
FOB Bremerton. $1Y A 95 Wash. Only ,7 

Add 53.00 for Complete 
technical data group includ- 
ing Original schematics A 
parts lists. I.F.. oil formu- 
las. instruct. for AC pwr 
sole. for rcvr continuous 
tuning. for gmtr 2meter 
use. and for putting smtr on 6 and 10 meters. 

COMMUNICATIONS RECEIVER BARGAINS 
8C453B: 190.550 kc 6.tube superhet w'85 Mc IF'S. ideal as long -wave rcvr. as tunable IF a as 2nd con. vert. W -all data. CHECKED ELECTRIC- $12.95 ALLY! Grtd. OK! 11 lbs. fob Los Angeles.. 
Same. in handsome cabinet w -pwr sply. spkr $'17.50 etc.. ready to use. is our QX535, 19 lbs.. J 
RBS: Navys pride 2.20 mc 14 -tube superhet has 
vice filter for low noise, ear -saving AOC. high sens. L select. IF is 1255 ke. Checked. aligned. w pwr spiy. cords. teach data. ready to use. fob $79.50 Charleston, S.C. or LOS Angeles 

R -45 ARR./ brand new, 12.tube superhet .55.43 mC 
In 6 bands, S- meter. 455 Ise IF's, oil filter. 6 sel. positions. etc. Hot and complete, It can be made still better by double -converting Into the BC -453 or Qx 535. Pwr sply includes DC for the automatic $179.50 tuning motor. FOB San Antonio 

Time Pay Plan: 517.95 down. 11 x $16.03 

RADIO RECEIVER AND /OR SPECTRUM STUDIES 
AN 'APR-4 rcvr Is the 11 -tube 30 mc IF etc. for Its .lug -in tuning nits: has 5meter. 60 cy pwr sply. 
Pan. Video L Audio Outputs. AM. Checked, aligned. with heads for 

Handbook. fob cLou Ang. $164.00 
Add 530.00 to get AM 'FM rigs, Instead of AM. Add 
579.50 for Test Oscillator TS -47 /APR. 40.3000 me 
21 ¡. CW. AM. PM. re /built-in 60 Cy ewer SpIY 

MEASURE E, I, R TO 1 PART IN 10,000 
and with ZERO current drawn! 4 -digit 20K ohm KelvinVarley Voltage Divider. Air Force spec. 1 part in 10.000. Direct -reading Potentiometric method 
for E and I. Plus .01% resistors for bridge-measure- 
ments of R. All noninduetive. Plus 100.0.100 uA 
meter w 'protective push -switched multipliers. Plus 
complete simple instructions. $1055.00 Air Forre 
Test Set. BRAND NEW. w /Handbook. 819,50 Shpg. wt. 37 lbs.. fob Springfield. Ohio.... 

PRECISION PHASE METER /MONITOR ME -631U 
Meter shows phase -angle difference 0 -360 t I di 
between any 2 input waveforms 2.30 a $275.00 
peak 20- 20.000 ey. 51420 Gov't cost!... 

TUNING -FORK FREQ REFERENCE STANDARDS 00 cy 2 .0017. AM. Time Prod. =2001.2. fork .................... ........... 59.95 
Complete module. w /tubes. instructions $29.95 
Same In case w'pwr'sply. AF amplifier .. $69.50 10.000 cy S .001%. 200 -1 -2H w'multlpller $69.50 1000 cy 2 .024. _2003 plus 4 Walkirk binary count -downs to 500. 250. 125. 62t' 

Cy. w tubes $49.50 
Varo 622B. 400 icy 2 0.1 %. w 'tube. Instruct 517.50 Philamon 400 cy 2 .05% w /tubes. Instruct 519.95 Philamon 500 cy 2 .05w. w 'tithes. instruct $19.95 

SCINTILLATOR DETECTS & MEASURES 
Famous -Name overstock. new. w /Instruct.. checked 
and guaranteed. l" square Sodium-Iodide crystal. Variable time constant. Use for walking or flying surveys. Ultra sensitive meter. 0.02.20 $99.50 Mr'Hr. Regularly $349.95. Only 

FM MICROVOLTER WITH BUILT -IN SCOPE 
TS.452A 'U shows you pass band of rev.. you are aligning. 5.108 mc In 6 bands. Movable marker pip 
Is w vemeter. Calib. accuracy .33;. Accurate at- 
tenuator 1 -101 db. 1 db steps. from min t', Vo. 
Scope synched to eeq sweep. S506 Gov't $179.50 
cost! fob Los Ang..CheCked loot.. OK. only 

0.1% SORENSEN Line Voltage Regulator 
050005 regul. against 
load changes 0 -5 kva 8 line changes 95130 v. 
1 ph 50 60 Cy: adt. out- 
put 110.120 v. holds to 0.1%. Harm. less than 3%. Recovery .15 sec. 
Regularly 5695.00 less 
spares. New. w'spares 
orig. pack. 28s $349.50 Iha, fob Utica. . 

fob Los $119.50 
T1500 Special. ISO to 
150O va. 105.125 v 60 
Cy. 20.3% line A load. 
110.120 Vo. Max 5-r. dis- tokb $199.50 Norwalk. Conn. 
Sola 500 va. $471f .50 117 v. Los An. 

ASTADARD SIGNAL rGENERATORd 
all 

BARGAINS 

grid 1ÓO7 OK. Boonton 520311 Univerter .125 mc. 
$130. =804 /LX2. 71'2 -330 SIC. 5150. Meas. Corp. 
=7$FM. 88.1011 mc. $150. -8O or AN equivalent 
TS- 4978/URR, 2.400 mc. $350. =84. .3-1 kmC. 
1.150. LAE2 new. .52-1.3 kmc. $90. 

R. E. GOODHEART CO., Inc. 
P. O. Box 1220 -A Beverly Hills, Calif. 
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V 
O 

O 
41 ally patterned after the basic unijunction transistor relaxation 

oscillator as used in most UJT applications. The circuit works 
as follows: applying voltage across R:, R., R.:, and C_ allows 
C2 to charge. Since at the beginning of the operating cycle 
the unijunction emitter is reverse -biased and therefore non - 
conducting, a high impedance exists across C. As C_ con- 
tinues to charge, the emitter voltage increases exponentially 
and approaches the supply voltage level. At a point deter- 
mined by the unijunction and called the "emitter peak point 
voltage," the emitter becomes forward- biased. presents a 
low impedance across C_ causing it to "clump" its charge into 
base 1 (B.) through the speaker voice coil. This results in 
a distinct "tick" from the speaker. 

"Rate" pot R. provides for a slow or fast beat rate by con- 
trolling the charging time of C2. Frequency is thus deter- 
mined by the combination of R., C2, and the supply voltage 
across the UJT. Resistor R:: is selected to set the high beat 
rate limit while R sets the low limit. By using a log -taper 
potentiometer for R., a well proportioned "rate" scale can 
be adjusted to any range desired. The photo shows a typical 
42 -208 beats -per -minute metronome scale spread over almost 
the total 270 range of R.. The number of beats for the vari- 
ous tempi employed as calibration for the author's metro- 
nome are as follows: 

By JOHN F. CLEARY 
Applications Engineering, Semiconductor Products Dept. 
General Electric Company 

Construction details on a simple metronome that 
is operated by a single unijunction transistor. 

AMETBONO\IE can be any contrivance for narking 
time as an aid to musical study and performance. 
The unijunction metronome to be described is 

one of the simpler electronic "contrivances" in that it uses 
the unique unijunction transistor to generate precision timing 
pulses. In fact, this is the only transistor used -or for that 
matter needed -in order to generate a distinct "metronomic 
tick" at the loudspeaker. An advantage of using the unijunc- 
tion, or UJT as it is often called, is that the loudspeaker can 
be driven directly. No output transformer is needed. 

The circuit of Fig. 1 can be powered either by a transform - 
erless supply as shown or by a battery. Stability is excellent 
since the unijunction is known for and does possess high 
inherent stability. Beat rate is adjustable from below 42 beats 
per minute, a low largo, to slightly over 208 beats per min- 
ute, a high presto. Both limits can be extended simply by 
changing the emitter component values. 

Circuit operation centers around the 2N2160 and is actu- 
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BEATS /MINUTE TEMPO BEATS MINUTE TEMPO 
42-69 Largo 123 -131 Andante 
69 -98 Larghetto 154 -180 Allegro 
98 -125 Adagio i 180 -208 Presto 

As with any transistor, the effects of temperature are ever 
present and must be compensated for by proper circuit de- 
sign. R., when properly chosen, results in typical frequency 
stability from 0 C to 100 C of .257. 

The metronome described here uses a square framed 35" 
Utah SP358 3 -4 ohm loudspeaker containing a 1- ounce mag- 
net. Any loudspeaker can be used, however, and the higher 
the efficiency of the speaker, the louder the tick. 

Four 1N1692 silicon rectifiers in a bridge -rectifier con- 
figuration and 100 -,4. filter capacitor make up the power 
supply. Fed directly from the a.c. line, this arrangement 
supplies the required 25 volts at 4 nia. with sufficient regula- 
tion for good metronome stability. R. and R_ act as voltage - 
dropping resistors as well as adding some degree of safety 
by limiting the total current drain to approximately 5 ma. 
under direct short -circuit conditions. By housing the circuit 
in an insulated box, additional protection is obtained against 
electric shock. An interesting feature of this power supply 
is that d.c. output voltage is not affected by a.c. line polarity. 
No natter which side of the a.c. line is short -circuited to 
ground, the d.c. output voltage remains unchanged. 

Fig. 1. Complete circuit diagram of the unijunction metronome. 

25V DC (a14MA. 

R6 
33011 

Bz 2N2160 
B UNIJUNCTION 

C 
SPKR 
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Wooden case, ccvered with plastic, is 45le" square, 21/2" deep. 

Components are mountej on perforated circuit board. The small 
loudspeaker is first covered with screening, then grille cloth. 

\,trawl!\ other power supply arrangements can be used. 
:1 1!: -volt battery can replace the supply shown. Lower 
voltages can be used with decreased output and increased 
calibration error; in fact the UJT will continue to operate 
with as low as :3 volts applied in unity instances. Should too 
high a supply voltage be applied, damage to the 2N2160 

e could occur. 

Construction 
The photos show construction quite clearly with the ex- 

ception of the line resistors and three of the 1N1692 rectifiers, 
all hidden behind the speaker "U" frame. Two rectifiers are 
located on either side of the perforated insulation board 
for ease of mounting :uu1 wiring. The back of the speaker 
frame, as shown, protrudes through the square hole cut 
from the board and rides on the surrounding lip of the speaker 
frame. After cutting the board to size (slightly smaller than 
the over-all speaker measurement), measuring and cutting 
out the center opening, and mounting all comlxntents, the 
completed board is slipped onto the speaker frame and se- 
cured in place with contact cement. The bracket -supported 
R. is then soldered to the speaker frame for increased rigidity 
as can be seen in the photo showing the inside view of the 
unit. 

.-1 square of grille clout Und it scl11:111. of aluminum window 

February, 1963 

screening are cut about 1" larger than the speaker frame. 
Place the grille cloth on a flat surface, the screen on top 
of it, and the speaker -cone down -on top of the screen. By 
wrapping the excess material around the edge of the speaker 
frame the cone will be protected from damage. This method 
of covering the speaker requires no hardware and is self - 
supporting. 

The cabinet shown in the photo is made from 14" plywood 
and measures 21á" deep x 4tie " square. The back is cut 
front !I" hardboard and is glued in place. A shaft hole about 

1..%" in diameter -large enough to accommodate the shaft anti 
allow the completed unit to be placed in the box snugly-is 
then carefully drilled in the sicle of the box. An additional 
power switch hole is macle in the top of the cabinet and 
a power -line cord hole in the back. 

In the photo showing the internal view of the metronome. 
note the two threaded holes located on the back of the speaker 
"U" frame. Two additional holes are carefully drilled in 
the cabinet back to match these holes which are then used 
to hold the speaker securely in place. 

After all rough work is completed, the cabinet is then 
covered x'ith a washable plastic material. 

Should a battery be used to power the unit rather than 
a permanent power supply, cabinet dimensions must be 
changed accordingly. Since wiring is in no way critical, any 
type of cabinet or component arrangement can be used. The 
circuit could be built into a radio or amplifier, for example, 
to take advantage of the existing loudspeaker and power 
supply. 

Calibration 
Fairly accurate rate calibration will result by counting 

"ticks" against time. Using a stopwatch or a wristwatch sweep 
second hand, counting the number of ticks per 15 seconds 
and multiplying by 4 to obtain the "beat rate" per minute, 
will result in accurate dial calibration. This method %works 

well for slow to medium beat rates but is more difficult at 
the faster rates. A second method is to compare the uncali- 
brated metronome %with a calibrated metronome of known 
accuracy. Both methods are sufficiently accurate for musical 
purposes. 

Precision dial calibration can be made by measuring pulse 
time across the speaker voice coil with an accurate scope or 
electronic counter. The metronome shown here was calibrated 
using a Hewlett- Packard Model 552B Electronic Counter 
connected directly across the speaker through a 200 -µf. ca- 
pacitor. All measurements were read off in milliseconds and 
converted to beat -rate by dividing 60,000 by time in milli- 
seconds. 

Conclusion 
Should a louder "tick" be desired, the unijunction metro- 

nome will easily drive an audio amplifier. By replacing the 
loudspeaker %vith a 20- or 30 -ohm resistor, positive driving 
pulses may be taken from base 1 (B.). Negative pulses can 
be taken directly from 2 (B_) simultaneously, if needed. 

Pulse rate can be changed lyi del y simply by replacing R. 

and C. Two to three minutes, and more, are possible between 
pulses in one extreme, while ten and less microseconds cati he 
achieved at the opposite extreme. 

Needless to say, the unijunction is one of the niore 1u1i smi.t1. 

yet simple, transistors among the many available toda%. The 
unijunction metronome is only one of marry circuits possiI le 

with this transistor -and a simple one at that! 
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Class "D" Crystals 
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Technical Books 
L. 

"UNDERSTANDING TRANSFORMERS & 

COILS" by Edward J. Bukstein. Pub- 
lished by Howard W. Sams & Co., Inc., 
Indianapolis. 91 pages. Price $1.95. Soft 
cover. 

Despite the wide application of trans- 
formers, many of those encountering 
then] daily are still vague about their 
function and operating principles. This 
basic text is designed to shed consider- 
able light on the subject and does a good 
job of it. The author covers the proper- 
ties of inductance and explains how it is 
measured and applied in electronic cir- 
cuitry. Concepts of energy storage, coun- 
ter e.m.f., time constant, self -inductance, 
mutual induc'tanc'e, parallel and series 
inductors, inductive reactance, phase re- 
lationships, impedance, energy losses, 
and "Q" are all covered in detail and in 
easy -to- understand forni. 

Inductor construction and transformer 
principles are included, along with a 
chapter on measurement and testing, a 
glossary. and color code guide. 

"ELECTRONIC DRAFTING" by George 
Shiers. Published bv Prentice -Hall, inc., 
Englewood Cliffs. N.J. 527 pages. Price 
S11.70. 

This volume is designed not only for 
students and practicing draftsmen but 
also for all students in electronic engi- 
neering- programs at ;Ill levels. The au- 
thor feels that electronic engineers should 
be familiar with the problems anti prac- 
tices of electronic drafting even if the has 
no intention of setting pen to tracing 
paper. 

There are 12 chapters devoted to in- 
struments and materials. mechanical 
drawing, pictorial drawing. drafting 
prac'tic'es, technical lettering, graphical 
symbols, block diagrams, sc'heniatic ele- 
ments, sc'heniatic diagrams, components 
and assemblies, connection diagrams and 
printed circuits, graphs, charts and dia- 
grams. The various points are covered by 
examples. 

"SINGLE SIDEBAND FOR THE RADIO AMA- 
TEUR" by Headquarters Staff. Published 
by AllicriCan Radio Relay League. West 
Hartford, Conn. 222 pages. Price $2.00. 
Soft cover. 

This is a comprehensive digest of SSB 
articles which have appeared in "QST" 
over a period of time -all carefully re- 

vised and expanded as required to Con- 
form to current practice. The text covers 
amateur sideband from its beginnings 
through the theory and practice of side - 
band generation, detection, modulation, 
linear amplifiers, and accessories to be 
found in the SSB station. 

SSB operators will find this c'ompac't 
handbook a valuable and virtually com- 
plete reference work for their ham -shack 
libraries. 

e 

"THE CONTROLLED RECTIFIER" compiled 
and published by international Rectifier 
Corporation, El Segundo, California. 
$2.50 by mail. 

This is Volume 1 and covers the im- 
portance of the physical properties of 
controlled rectifiers and their effect in 
application. Written from the viewpoint 
of the controlled rectifier manufacturer, 
the text includes much information not 
normally available to the user. 

The book is based on those device 
characteristics which can be observed 
and measured. The text covers structure 
.111(1 operation, static characteristics, dy- 
namic characteristic's, gate characteris- 
tic's, thermal characteristics, cooling 
methods, anti test procedures. 

"SEMICONDUCTOR RECTIFIER COMPO- 
NENTS GUIDE" compiled by Application 
Engineering (:enter. Published by Gen- 
eral Ele'c'tric Company, Rectifier Com- 
ponents Dept., Auburn. N.Y. 142 pages. 
Price 50 cents. Soft cover. 

This is a second edition of a guide 
published for the power supply designer 
and provides a convenience reference for 
the selection of silicon, germanium. sele- 
nium, and copper oxide rectifier com- 
ponents and the design of rectifier cir- 
cuits. 

hi addition to the text material, there 
are two valuable charts on rectifier selec- 
tion and rectifier circuit constants. This 
new edition includes 27 additional pages 
of specification data. 

"AUTO RADIO MANUAL" compiled by 
Sams Staff. Published by Howard W. 
Salas& Co., inc., Indianapolis. 160 
pages. $2.95. Soft cover. Vol. 13. 

This is the latest volume in this pub- 
lisher's continuing series of service data 
books covering alito radios. This volume 
includes some 42 different sets made by 
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American Motors, Automatic, Blaupunkt, Buick, Ford 
Granco. .1lopar, Motorola, Oldsmobile, Pontiac, Stromberg- 
Carlson. Studebaker. and V0X.um. 

Each set is accompanied by a schematic, resistance charts, 
chassis photos, parts lists and replacement data, alignment 
information, and sers icing hints and shortcuts. 

o o o 

"MICROWAVE THEORY AND MEASUREMENTS" by Engineering 
Dept., \licrosy:ne Div., Hewlett-Packard Co. Published by 
Prentice-110, Inc., Englewood Cliffs, N.J. 263 pages. Price 
$5.95. Soft cover. 

This is a basic workbook for a course in microwave theory 
and measurements and is designed to fill the practical gaps 
left by the more theoretical texts. This volume is divided into 
four major sections involving introductory and background 
information, microwave theory, basic types of microwave 
measurements, while the fourth section contains fifteen ex- 
periments designed to familiarize the student with microwave 
equipment and the techniques employed in making micro - 
wave measurements. 

Three appendices carry a glossary of microwave terms, 
microwave equipment data sheets, and a bibliography. 

. o 

"abc's of SYNCHROS & SERVOS" by Alan Andrews. Published 
by lloward W. Sams Co., Inc., Indianapolis. 92 pages. 
Price $1.95. Soft cover. 

As the title implies this is a basic book for the student, 
hobbyist, and technician. 

The author covers individual control systems, position 
transducers, synchros, modulators and demodulators, servo 
amplifiers, magnetic and rotary amplifiers, and actuators 
along with an analysis of complete systems. 

Since servos are part and parcel of an impressive variety 
of electronic equipment ranging from remote -control TV 
tuners to missile guidance control systems, this book should 
attract a wide audience. 

IEEE 
MEET 

THE BEST BRAINS, 
THE BEST PRODUCTS 

IN THE INDUSTRY 
at 

I- TRIPLE -E 's 
International Convention 

and Exhibition in New York 

MARCH 25, 26, 27, 28 
The COLISEUM at Columbus Circle 
& The WALDORF ASTORIA HOTEL 

admission MEMBERS $1.00: NON- MEMBERS 53.00 
MINIMUM AGE: 18 

SNOW 
(formerly tl-,e IRE Show) 

February, 1963 

uphonics 

Orbit Action 

REPLACE ALL STEREO AND 
MONAURAL CARTRIDGES 
EASIEST OF ALL CARTRIDGES 
TO INSTALL 

No. 1 choice of phono manufacturers. 

Now, your most logical choice 

for exact replacement 
New Euphonics Orbit Action Cartridges are exact replace- 
ments for millions of Euphonics Cartridges now in use, and 
all other ceramic cartridges. Rugged, trouble -free and easiest 
to install, Euphonics cartridges offer you these important 
advantages: 

EXCLUSIVE ORBIT ACTION 
Eliminates twisting of lead wires 

Reduces mass of playing needle 

Simplified needle replacement 

Positive tip rake angle -no dirt 
collecting "hook" 
Provides same wide -range re- 
sponse from both needles: 16- 
25,000 cps. 

Other Advantages: Unique mounting bracket permits fast, snap -in 
installation of cartridge Low tracking force (2 grams) for minimum 
record and stylus wear Stylus automatically retracts when arm is 
dropped PZT ceramic elements eliminate magnetic hum and are 
impervious to heat and moisture High compliance: 4 micro -cm per 
dyne4 terminals -complete with jumper for 3- terminal installation. 

Complete with dual needles. 
U- 8..0007 Sapphire and .003 Sapphire 
U- 9..0007 Diamond and .003 Sapphire 

ALL PRODUCTS AMERICAN MADE For complete details see 
your distributor or write Dept. EW -2 

Cuphonics 
CORPORATION 

GUAYNABO, PUERTO RICO, U.S.A. 
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you 

can play 

your records 

manually 

or automatically 

and enjoy the same quality you associate with 

turntables that can only be played manually. 

The Benjamin -Miracord is fundamentally a 

quality instrument -designed and constructed 
to highest quality standards. Its components 
are those characteristic of the finest record 
players: solid, die -cast, dynamically balanced, 
12 -inch turntable; precision -machined, mass - 
balanced transcription arm; and choice of 
either high -torque, 4 -pole induction motor or 
the famous Papst hysteresis motor. 
Yet, the Miracord can play single records 
automatically as well as manually, or you can 
play up to 10 records in automatic sequence. 
The automatic action of the arm is actually 
more precise and more gentle than by hand. 

See and hear the Benjamin -Miracord perform 
at your hi -fi dealer. Model 10 with 4 -pole induc- 
tor motor, $89.50; Model 10H with Papst hys- 
teresis motor, $99.50 (complete with arm but 
less cartridge and base). For catalog, write to: 

BENJAMIN ELECTRONIC SOUND CORP. 
80 Swalm Street, Westbury, L.I., New York 
Sole U.S. Distributor of Electroacusuc Record Playing Components 

r BENJAMIN 
MIRACORCo 

L J 
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Hi -Fi Loudspeaker Cones 
(Contiìlfu'd from page 40) 

Bass distortion is caused by three me- 
chanical aberrations prevalent during 
large excursions: ( 1) non- linear electro- 
mechanical drive; (2) suspension non - 
linearity; und (3) non -linear flexular be- 
havior of the woofer cone. 

Long-Throw ff oo f ers 

"Long- throw" voice coils are designed 
to maintain a constant ratio between the 
flux lines and the voice -coil wire im- 
mersed in the field regardless of excur- 
sion. This can be accomplished in two 
sways. The most elegant solution is to 
provide a magnetic gap deep enough so 

that a narrow voice-c-oil winding cannot 
leave the flux field. However, if we con- 
template perhaps one -inch ( peak-to- 
peak) excursions, the gap depth re- 
quired %will necessitate a top plate thick- 
ness of about 1g ". This type of design 
although expensive is necessary when an 
extremely large voice -coil diameter is re- 
quired. For example, a 4" voice coil 
wound to a 6 -ohm d.e. resistance (a 
nominal 8 -ohm impedance) will have an 
axial length of only fr. 

The second and more economical 
solution involves a smaller voice -coil di- 
ameter wound to a longer axial length. 
The amount of wire in front of and be- 
hind the gap represents an insurance 
against any variation in the ratio be- 
tween flux lines versus wire turns being 
cut during large excursions. ( See Fig. 3.) 

An examination of the disadvantages 
accruing from both techniques %would 

reveal that they each sacrifice electro- 
motive efficiency. In the narrow- coil/ 
wide -gap case flux density is wasted 
over a part of the air gap that has no 
voice -coil wire immersed in it. In the 
long -coil /narrow -gap case the flux field 
is completely filled with .wire but a per- 
centage of the available winding repre- 
sents a loss element. Specifically, the 
wire not in the flux field is analogous to 
a series resistor, thus influencing both 
efficiency and mechanic-al "Q" (damp- 
ing). In addition, a voice coil with a long 
axial wvinding represents considerable 
additional moving- system mass. 

The short -coil /long -gap avoids the 
effects of unequal distribution of the 
fringing -flux fields since the voice coil is 

always moving in a constant flux fielcl. 
By contrast, some of the overhanging 
turns of the long -coil /short -gap woofer 
may cut fringing flux of unequal distri- 
bution. In practice, however, these 
effects may be minimized by compen- 
sating chamfering of the top plate. The 
primary advantage of the short -coil/ 
long -gap system is for full -range speaker 
designs where a lightweight voice coil is 

essential for high -frequency radiation. 
In addition, the series resistor effect of 
overhanging turns is avoided. For com- 

pact enclosln-es these effects may pre- 
vent extension of the bass range due to 
excessive resonance damping. 

The second problem associated with 
long -throw % voofer design involves the 
mechanic-al linearity of the suspension 
springs associated with moving -coil 
loudspeakers. If we drew a graph repre- 
senting the mechanic-al force required to 
displace the cone a given distance, we 
would find that it would not be linear 
with respect to distance: that is, a longer 
excursion would require greater force at 
the peak of each cycle. The linearity of 
any spring is a function of its size. The 
outer -edge suspension is usually more 
non- linear than the centering spicier. 
This is because the distance from the 
clamp -edge on the basket to the fulcrum 
point where the cone body begins can- 
not be too large for acoustic-al reasons. 
The centering spider can be almost any 
dimension, consistent with adequate 
centering without any adverse acoustical 
effects. 

As we have previously noted, the an- 
nulus is capable of exerting a consider- 
able acoustical effect. One method of re- 
ducing the edge -hole effect clue to the 
annulus anti -resonance, as %well as pro- 
viding a correct terminating acoustical 
impedance, is to provide an annulus 
made from a different material than the 
cone body itself. This allows a wide 
variation in materials and shapes. 

The top photo on page 40 shows two 
designs made from impregnated cloth. 
The assembly on the left uses multiple 
folds of fabric deep enough to provide 
good linearity and acting not unlike an 
accordion bellows. The interstices of the 
fabric are sealed with a permanent vis- 
cous compound that also serves to clamp 
out the edge -hole anti -resonance. The 
acoustic-al resistivity of this compound 
may cause a sound- pressure loss of about 
2 db. 

The roll -type edge suspension on the 
right provides a single rolling spring 
action which is about 30 per -cent more 
compliant than the bellows type. In ad- 
dition it may be sealed with a compliant, 
but non -viscous compound that does not 
introduce any resistive losses. The com- 
pliance is so high in this suspension that 
the spicier becomes the controlling 
spring element. 

The third souri-e of bass distortion in- 
volves the cone body itself. Obviously, 
any flexing movements of the cone sub- 
tracts from the acoustic-al output at low 
frequencies. A curved cone is deliber- 
ately designed to provide progressive 
clecoupling, in order to control middle 
and high- frequency response. Unfor- 
tunately this decoupling action can also 
subtract from the bass output by permit- 
ting the outer sections of the cone to 
move independently of the area closest 

to the voice coil. A deep straight -sided 
cone seems admirably suited for exe- 

ELECTRONICS WORLD 

www.americanradiohistory.com

www.americanradiohistory.com


euting the kind of pump -like movements 
we want but, it too, is subject to flexing 
along lines extending radially from the 
apex to the periphery of the cone. The 
extreme compliance of a roll -type sus- 

pension deprives the cone of support at 
the edge where these nodes forni. 

As we have also seen in Fig. 2 the 
ratio between voice-coil class and cone 
mass affects both response and efficien- 
cy. (The optimum ratio exists when the 
voice (oil and cone mass are about the 
same.) Thus an 1 l voice coil wound to 
%" to 1" long axial length, and weighing 
about 12 grains siunlid have a cone mass 
of about I2 grails. Conventional felting 
methods and mass distribution will pro- 
duce some radial noding for a 10- or 
12-inch cone of this weight. Let us con- 
sider the advantages of different felting 
Methods or a different material entird \ . 

Pol styrene cones, with their high 
stiffness -to -mass ratio seen) to be partic- 
ularly intriguing. They may be formed 
to almost any shape and (lensit. How - 
ewer, this writer has experienced unusual 
reflection characteristics related to the 
dissipation rer.sus velocity characteris- 
tics of pokst\ rene (woofer cones. While 
there is a whole gamut of materials to be 

considered which seem to offer advan- 
tages, the felted paper cone Call he de- 

signed to outperform tlleni all. 
:1 sophisticated approach to conven- 

tional cone pulp stocks as well as felting 
methods can produce a cone of high 
rigidity and optimum mass. A re-distri- 
bution of this mass by means of graclecl 
density will wield a (..one with more sym- 
metrical structural configuration for any 
given mass. 

The reconciliation of all these con- 
flicting physical elements inol\es the 
closest cooperation between the speaker 
designer and the (011e manufacturer. 
Certainly there are few precise and pre- 
dictable answers. Much empirical trial- 
and-error work remains to be clone in 
the field. 

LIVE -VS- RECORDED CONCERT 

AL1 VE- VM :O t reeurded concert 
was perforated by the Fine :trts 

Quartet at Harvard University. During 
the performance, the musician, alter- 
nated their playing with the s I of 
their own tape, reproduced through a 
stereo playback system. The back-and- 
forth ....Minn,: was d in.tanianeott- 
ly. will losing the musical beat. It war 
frequently q difficult to tell when the 
sound was e g fr the musicians on 
tag,e or fr the pair of :tenustic Rc- 
ear(h :1R -3 I Ispeakers directly be- 
hind the Quartet. The musician's feigned 
playing during . of the I' that the 
tape was being played surd quite a few 
in the audience of -eseral I !red peo- pl were at a loss to know when they 
were hearing live or recorded s I. hie 
only difference we could note was a very 
slight increase in the a t of rever- 
berant s i when the members of the 
Quartet were actually playing on stage. 

A 
February, 1963 

superb UHF pictures where other methods fail 

:.. . .. ': . 
. .:::: 

l. : . : : 

dI1]kI1JIi -TONGUE 

MASTMOVNTEO UHF 

BOOSTER/b woeis 

cover soecilic Ohl 

channels from 14 io 83 
The original Blonder- Tongue Ultra - 
booster covered only channels 70 to 
83. When it was introduced in the 
MPATI and translator areas, it was 
so dramatically effective that in- 
stallers throughout the country de- 
manded units for their particular 
UHF channels. There are now six 
standard models, each covering a 
specific portion of the UHF spec- 
trum : (1) UB (14-29) ; (2) UB 
(25 -40) ; (3) UB (41 -55) ; (4) UB 
(56-69) ; (5) UB (70 -83) ; (6) UB 
(72 -76). In addition, other fre- 
quency ranges are available on a 
custom basis. 

There's nothing like the Blonder- 
Tongue UB on the market today. 
Mast -mounted to take advantage of 
the maximum signal -to -noise ratio 
available at the antenna, it in- 
creases signal voltage by at least 
14db. The UB uses two low -noise 
frame grid tubes. The remote power 

eng,nee,ed and manufactured by 

BLONDER 

Model UB with remote 
power supply 

supply sends a 'safe' 24 volts of AC 
power to the mast- mounted UB am- 
plifier on the same downlead which 
carries the signal. The UB is en- 
closed in a weatherproof housing 
with swing -down chassis for easy 
servicing. The standard UB has 300 
ohm inputs and outputs. It is avail- 
able on a custom basis with 75 or 
50 ohm inputs and outputs. 
The UB may be used in master TV 
installations and for single sets in 
schools and homes. It delivers sharp, 
clear pictures in 'impossible' areas. 
Model UB lists at $93.50. 
The Blonder-Tongue UB and either 
of the Blonder-Tongue UHF con- 
verters, models BTC -99s and BTU - 
2t, are the perfect team for superior 
UHF - anywhere. Today, contact 
the world's most experienced manu- 
facturer of UHF products. For free 
1G page Quick Reference Manual of 
TV Systems, write EW -2. 

yONGUE 
9 Alteng SI., Newark. N I. 

Canadian Div: Benco Television Assoc., Ltd., Tor., Ont. Export: Rocks InlI. Corp., N. Y. 16- CABLES: ARIAS 
home TV accessories closed circuit TV systems UHF converters master TV systems 
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COMPLETE 

SDP 
MUIEY 

in a 37 pound 
package 

o 

N EWCOM B 
Powerful portable combination transcription 

player /p.a. system Model TR- 1640M -HF 

Powerful voice reinforcement, high 
fidelity music reproduction, a full set of 
illuminated controls - all in one conven- 
ient case...this is today's portable sound 
system. The Newcomb TR- 1640M -HF is 
ruggedly built to deliver long years of 
trouble -free service in an endless variety 
of assignments. There are inputs for two 
microphones. High fidelity music begins 
with a GE magnetic cartridge. The mas- 
sive 10" 2 pound turntable with dual 
neon strobe is driven by a deluxe 4 pole 
motor. The 40 watts peak ultra- linear 
output system provides deep audience 
penetration - clean, intelligible sound. 
There are separate tone and mixing con- 
trols for mike and phono. The highly effi- 
cient two -way speaker system includes 
a 12" woofer, 312" tweeter, and cross- 
over. Other models in the TR -1640 Series 
come with 2 or 4 speakers, some with 
bass reflex reproducers, some with col - 
umn speakers. Newcomb makes several 
series of portable sound systems rang- 
ing from simple 10 watt monophonic 
models to elaborate 80 watt stereo sys- 
tems. Among them is a model that will 
meet your needs exactly. 

Write for your free copy 
of Bulletin TRC -10. 

NEWCOMB 
AUDIO PRODUCTS CO. 
DEPT F -2, 6824 LEXINGTON AVE. 

HOLLYWOOD 38, CALIFORNIA 
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Grid Current 
(Continued from page 51) 

pL,= G -AE,, or 

where G,,, is the transconductance of the 
tube under test, AE,, is the bias voltage 
change, R is the grid resistor, and I is 

the grid current. The solution, of course, 
is for grid current or 1.,. 

If the value of G is not known, grid 
current may be determined from the re- 
lationship, DE., =R.,L, with a somewhat 
different measurement technique. A volt- 
meter across a bias supply is used to note 
the bias change, E. 

First the grid resistor is shorted out 
and plate current is noted. Then the 
short circuit is opened. If negative grid 
current is present, an increase in plate 
current will now be noted. Bias is then 
increased until the initial plate current is 

re- established. The change in bias, ob- 
served with the voltmeter, needed to re- 
store plate current (AE.,) is inserted in 
the last formula, which is then solved for 
L. 

Identifying Grid Current 
Measuring the amount of grid current 

does not necessarily establish which of 
the four types it is. Positive grid current, 
of course, can be verified by its polarity. 
The more difficult problem is to differ- 
entiate gas, grid- emission, and leakage 
current. 

The amount of negative grid current 
caused by gas can be determined by re- 
membering that the gas ions are the con- 
sequence of collisions between electrons 
and gas molecules. Therefore, if there is 
no electron current in the tube, there can 
be no gas ions and no gas current. The 
simplest way of cutting off the electron 
flow is to disconnect the cathode. An- 
other method is to apply a high negative 
bias to the grid. 

Since two or more types of negative 
grid current can be present simultane- 
ously, some such current may still be 
present after gas current is interrupted. 
In fact, in some cases, there may be an 
increase. The remaining current is due to 
grid emission, leakage. or both. 

Switching off or otherwise interrupt- 

ing the heater will decrease grid emission 
almost as fast as the cathode (and there- 
fore the grid) cools off. On the other 
hand, overheating the cathode (as by 
increasing heater voltage) will increase 
grid emission considerably. 

Being resistive, leakage is little af- 
fected by temperature changes: its pres- 
ence can usually be noted in a cold tube. 
Also reversing the polarity of applied 
voltages, while it will reverse the direc- 
tion of leakage current, should not 
change its magnitude appreciably. In 
fact, this test should be performed only 
in a cold tube or one in which the cath- 
ode connection has been interrupted. 

The particular characteristics of the 
various types of grid current discussed 
here can be noted in Fig. 2. Note, for ex- 
ample, that gas current is eliminated at 
about the same bias voltage at which 
plate current is cut off; i.e., when bias is 
sufficiently negative to stop the electron 
beam. Also note the relative independ- 
ence of grid -emission current of operat- 
ing conditions (aside from temperature). 

In general, manufacturers of modern 
tubes have managed to maintain the in- 
ternal vacuum at a very high level. This 
has been achieved by careful processing 
of parts and the use of highly efficient 
getters. Such measures prevent signifi- 
cant gas current. 

Grid emission is reduced by keeping 
the grid temperature low, and this is 
achieved with the use of materials on the 
grid that have good heat conductivity, or 
by plating the lateral wires with gold or 
silver. 

Leakage results primarily from the 
deposition of material that has subli- 
mated out of the cathode. Modern cath- 
ode materials, containing fewer impuri- 
ties, have contributed to much lower 
leakage levels than were considered 
practical years ago. 

Despite such advances, tube users 
may run into unusually demanding ap- 
plications that require careful tube selec- 
tion or compensation for undesired grid 
current. In such instances, the tests de- 
scribed here, based on manufacturing 
methods, can be used to determine the 
nature of grid current so that proper 
choice or compensation can be made. 

FAMOUS NAMES QUIZ 
By JOE TERRA 

AGREAT many principles, components, and phenomena are referred to by the names of the 

men who developed them. Can you match the names in the first column with the respective 
instruments, components, or principles listed in the second column? Check your answers on page 111. 

1. Adcock 
2. Allstrom 
3. Ayrton 
4. Beverage 
5. Colpitts 
6. Edison 
7. Faraday 
8. Fleming 
9. Fourier 

A. 
B. 

C. 
D. 
E. 

F. 

G. 
H. 

Antenna 
Valve 
Enclosure 
Disc 
Direction finder 
Series 
Bridge 
Relay 
Oscillator 

10. Heaviside J. Tube 
11. Johnson K. Earth 
12. Klipsch L. Shunt 
13. Lawrence M. Base 
14. Luxemburg N. Layer 
15. Maxwell O. Amplifier 
16. Nipkow P. Shield 
17. Wagner O. Noise 
18. Williamson R. Effect 
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If you've recently changed your address or 
plan to in the near future, be sure to notify 
us at once. Place magazine address label 
here and print your new address below. 

NEW ADDRESS: 

NAME 

ADDRESS 

CITY 

PLEASE PRINT 

ZONE STATE 

MAIL COPIES TO NEW ADDRESS STARTING 

WITH _ - _ ISSUE. 

If you have any other questions 

about your subscription be sure to 

include your magazine address label 

when writing us. 

Mail to ELECTRONICS WORLD, 434 So. 

Wabash Avenue, Chicago 5, Illinois 

NOW! FOR A REWARDING CAREER 

LEARN TECHNICAL 
WRITING or ILLUSTRATING 

High -Pay Professional Opportunities 
for men with Electronics experience! 

2 New HOME -STUDY COURSES 
SPONSORED BY NATIONAL DATA COMPANY 

-for applir:uns oith ' .ran 
URGENT NEED FOR TRAINED radio or rlrrtronic. rste rirnrc 
MEN. PROFESSIONAL CAREER \lininunn air ?I- Krq or. IIn h 

School rdur:aion or.quisArm. -HIGH EARNINGS 

-ADVANCEMENT - SECURITY 

WRITE FOR FREE BULLETIN 
Send ovil,.,. ul your education and lechan,,s 
e.per e lo Mr. Earl Nodlan, Director of 
Training, 

m 

Technical Schools Division, Depl. D -12, 
NATIONAL DATA COMPANY, 1707 UNIVERSITY 
AVE , SAN DIEGO 3 CALIFORNIA 

Keep Moving Up 

in Electronics 
February, 1963 

Calendar of Events 

JANUARY 22 -26 
Fourth Annual ERA National Convention. Spon- 
sored by Electronic Representatives Association. 
Mark Hopkins Hotel, San Francisco. Details from 
ERA Headquarters, 600 South Michigan Ave., 
Chicago 5. 

JANUARY 30- FEBRUARY 1 

Fourth Winter Convention on Military Electronics 
Sponsored by PGMIL and Los Angeles Section of 
IRE. Ambassador Hotel, Los Angeles, Calif. Pro- 
gram information from IRE Los Angeles Office, 
1435 La Cienega Blvd. 

FEBRUARY 8 -10 
1963 Pacific Electronic Trade Show ,PETS). Spon- 
sored by Association of Electronic Distributors. 
Shrine Exposition Hall, Los Angeles. Details from 
Association, 10480 Notional Blvd., los Angeles 
34. Att: Charlie Silvey, executive vice -president. 

FEBRUARY 11 -15 
Third International Symposium on Quantum Elec- 
tronics. Sponsored by IRE, SEER, ONR. Unesco 
Building 8. Parc de Exposition, Paris, France. Pro- 
gram details from Madame Cauchy, Secretaire, 7 
rue de Madrid, Paris 8me, France. 

FEBRUARY 20 -22 
International Solid State Circuits Conference. 
Sponsored by PGCT, AIEE, Philadelphia Section 
of IRE, University of Pennsylvania. Sheraton Hotel 
and University of Pennsylvania, Philadelphia. Pro- 
gram information from S. K. Ghandi, Philco 
Scientific Lab, Blue Bell, Pa. 

MARCH 25 -27 
Convention on H.F. Communication. Sponsored 
by the Electronics Division of the Institution of 
Electrical Engineers. Program information from 
Secretary, IEE, Savoy Place, London, W.C. 2, 
England. 

MARCH 25 -28 
IEEE International Convention. Sponsored by all 
Professional Groups of the IRE. Coliseum and 
Waldorf- Astoria Hotel, New York. Details from 
Dr. D. B. Sinclair, IRE Headquarters, 1 E. 79th St., 
New York 21, N.Y. 

APRIL 10 -11 
Fourth Symposium on Engineering Aspects of 
Magnetohydrodynamics. Sponsored by PGNS, 
AIEE, IAS, University of California. Details from 
Julian L. Dunlap, Thermonuclear Exp. Div., Oak 
Ridge National Lab., Oak Ridge, Tenn. 

APRIL 16 -18 
Cleveland Electronics Conference. Sponsored by 
IEEE, ISA, Cleveland Physics Society, Case Insti- 
tute, and Western Reserve University. Hotel Sher- 
aton, Cleveland. Details from Lapine Enterprises, 
310 Hotel Manger, Cleveland 14, Ohio. 
Symposium on Optical Masers. Sponsored by 
IRE, AIEE, Optical Society of America, U.S. De- 
fense Research Agencies. Polytechnic Institute of 
Brooklyn, N.Y. Details from Jerome Fox, Poly- 
technic Institute of Brooklyn, 55 Johnson St., 
Brooklyn 1, N.Y. 

APRIL 16 -20 
1963 British I.R.E. Convention. Sponsored by 
British Institution of Radio Engineers. University 
of Southampton. Information from I -R -E., 9 Bed- 
ford Square, London, W.C. 1, England. 

FOR THE ULTIMATE 
IN AUDIO TAPE 

RECORDING 

?1Z 
agnecord 

... Known and used the world 
over to satisfy the most 
demanding requirements for 
performance and reliability 
in audio recording and repro- 
duction. 

728 STEREO 
The professional 

standard. 71 and 
15 ips. Superior 

performance 
in all areas. 

748 STEREO 
The Olympian ... 

champion of 
recorders. 334 and 

71/2 ips. 4 -track play 
and record. 

THE PT 6 
The rugged, reliable 
"Workhorse" of the 
broadcast industry. 

THE P 15 
"The Editor" ... 

includes all of the 
capabilities of the PT 

6 plus extended 
performance and 

utility. 

THE M 90 
"Mighty" in all 

performance 
characteristics. 

Magnecord's finest 
tape instrument. 

Represented by leading audio 
dealers and industrial elec- 
tronics distributors. Write 
today for additional informa- 
tion regarding your specific 
requirements. 

WRITE TODAY FOR 
MORE INFORMATION 

j,- --a.. .. - .4 .. _.1114.-1 -- - 

.r. T.... ..._ 

MAGNECORD SALES DEPARTMENT 

MIDWESTERN INSTRUMENTS 
P. 0. BOX 7509 TULSA 35, OKLAHOMA 
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HE -20C DELUXE CITIZENS BAND TRANSCEIVER 

Now Officially Approved For use in CANADA By Dept. of TRANSPORT 

Type Approval No. 169361029. Tops in CB world 8 crystal con- 

trolled receive positions, 8 crystal controlled transmit positions 
Tuneable over all 23 channels Direct reading "S" meter indi- 

cates RF Power Output, Transmitter and Antenna Efficiency and Re- 

ceiver "S" readings Effective noise limiter Built -in 12 or 6 volt 
power supply for mobile use. With crystals for channel 9. 

No Money Down 

4 -TRACK STEREO TAPE DECK 

Deluxe Professional Quality Built -in Transis- 

torized Stereo Record /Play Preamps 
Plays: 4 -Track Stereo, 2 -Track Stereo, 

and 4 -Track Mono Tapes Records: 4- 

Track Stereo or Mono and Sound -on -Sound 

2 Record Level Meters Tape Index 

Counter Automatic Stop at end of tape 

2 Speeds: 33/4 ips and 71/2 ips Fre- 

quency Response @ 71/2 ips, 40- 18,000 cps 
Takes up to 7" reels. 

3395 
EACH 

2 
for 

6290 
NO 

Money 
Down 

9950 

less case 

No Money Down 

LAFAYETTE 10- TRANSISTOR 

CITIZENS BAND '` WALKIE TALKIE" 
50% more powerful -now with 10 transistors, 

plus diode, thermistor and extra RF stage 

Transmits and receives up to 2 miles 

Up to 50 hours battery life Push -to -talk 

operation -Complete with leather case, 

earphone, antenna and batteries. 

86 

4995 
No Money 

DELUXE 4 -BAND SHCRTWAVE BROADCAST RECEIVER 
Down 

Tunes 550 kc to 30mc in four bands - Hear Europe, ships at sea, planes 
and amateurs Sensitive superheterodyne circuit Built -in "S" meter 

Electrical bandspread Receives voice or code 

LAFAYETTE STEREO MULTIPLEX TUNERS 

FM -AM STEREO 

MULTIPLEX TUNERS 

ROO 
No Money Down 

FM 

MULTIPLEX 

TUNER 

165° 
No Money Down 

FEATURES OF ROTH LAFAYETTE TUNERS 

Highest Quality Reception- Superb Styling! Wide -band Design Duplex 3 -Gang 

tuning condenser provides tuned RF stage for greater sensitivity and selectivity 

Built-in Multiplex with excellent separation Sensitive tuning Meters Variable 

AFC control FM stereo Noise Filter Smooth Flywheel Tuning. 
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LAFAYETTE 
_Thm 

1963 CATALOG NO. 630 
388 GIANT -SIZE PAGES - 

The Largest Catalog in Our 42 -Y:, 

WHEN YOU BUY AT LAFAYETTE, YOU GET 

Irani the 
"WORLD'S 

HI -FI 

ELECTRONICS 
SHOPPING 
CENTER" 

THESE EXCLUSIVE BENEFITS 

OUTSTANDING 
LAFAYETTE KITS 

*LOWEST PRICES 

*24 -HOUR 

SERVICE 

SATISFACTION GUARANTEED OR 
MONEY REFUNDED. Use Lafay- 
ette's 30 -Day FREE Home Trial. 

LARGEST STOCK SELECTION. If 
its in Hi -Fi or Electronics, it's 
in the Lafayette Catalog. 

NO MONEY DOWN. Buy on time 
with Lafayette's Easy Pay 

Credit Plan, up to 24 months 
to pay. 

TRUE, CUSTOM -MATCHED STEREO 
NEED NOT BE EXPENSIVE -and isn't at Lafayette! 

PICKERING 
U38 /AT Cartridge ONLY 

1295° 
NO MONEY DOWN 

LAFAYETTE 
LA-224 

GARRARD 
AUTO SLIM 
on Base 

LAFAYETTE 
SK124 Speakers 

YOU GET THESE SYSTEM MATCHED 
COMPONENTS 

Lafayette LA -224 24 -Watt Stereo Amplifier . 49.95 
Garrard Autoslim 4 -Speed Record Changer 39.50 
Wood Base (Specify Walnut, Mhg. or Blonde) 3.95 
Pickering U38/AT Diamond Needle Cartridge _ 46.50 
2 Lafayette SK -124 2 -Way Speaker Systems 
(Specify walnut or mahogany) @ 19.95 each 38.90 

Regular Catalog Price 4-7$ßt7 

LAFAYETTE'S MAIL ORDER and SALES CENTER 

u Arr lSYOSSET, L. I., NEW YORK 
. i 1.._ 

NEW YORK, NEW YORK 
100 6th Avenue 

JAMAICA, NEW YORK 
165 -08 Liberty Avenue 

BRONX, NEW YORK 
542 E. Fordham Rd. 

February, 1963 

OTHER LOCATIONS 
SCARSDALE, NEW YORK 
691 Central (Park) Ave. 

PLAINFIELD, NEW JERSEY 
139 W. 2nd Street 

NEWARK, NEW JERSEY 
24 Central Avenue 

111 Jericho Turnpike 

PARAMUS, NEW JERSEY 
182 Route 17 

BOSTON, MASS. 
110 Federal Street 

NATICK, MASS. 
1400 Worcester Street 

r 

ll 
L 

YOU 
SAVE 

49.30 

A COMPLETE 24 -WATT 
STEREO PHONO SYSTEM 

Only at Lafayette could you find an 

outstanding, custom -matched stereo 
system at such an amazing low price. 
Compare components. compare per- 
formance, compare price -you'll choose 
Lafayette. 

LS- 225WXM Specify: Pickering Cart- 
ridge; wood base finish; Speaker Sys- 
tem finish. Shpg. wt., 64 lbs. Net 129.50 

MAIL THIS COUPON TODAY for 
YOUR FREE LAFAYETTE 630 CATALOG 

Get One for a Friend Too 
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TAPE -DECK 
PREAMP 

By DON M. WHERRY 

Construction details on a 

transistorized playback 
prea m p featuring high gain, 
low noise, and small size. 

CHAN A 
INPUT 

CI (HIDDEN) 

CHAN B 
INPUT 

ri t i 

RI 
VI RS rir.11+ 

R7 

R2, rsrtuler 

R6,: )f 0 
C2- t1 L: T R8: 11 r .. 
C 3 . > 

V2 C4 

View of the top of the circuit board show- 
ing the arrangement of all the components. 

WITH the growing popular ac- 
ceptance of the tape recorder 
for stereo, many prospective 

customers have to decide whether to 
buy two full record -playback preamps 
or simply two units of the playback 
type. There is, however, a third alter- 
native -you can build your own pre- 
amplifiers. If only the playback func- 
tion is desired, this is amazingly simple 
and inexpensive. 

This article describes such a pre- 
amplifier -a dual -channel, two -stage 
transistorized playback unit. The fea- 
tures of the preamplifier include : gain 
of 800 at 1 kc., ample to drive any 
power amplifier; over -all bass boost of 
18 db; the use of only four inexpensive 
transistors; a low noise figure of 55 db 
below 1- millivolt input; and small size. 

Fig. 1 shows the circuit schematic. 
The circuit is relatively straightfor- 
ward, employing fixed gain and fixed 
bass boost by means of feedback from 
the collector of the output stage to the 
emitter of the input stage. 

A word about this feedback value is 
in order. The output of a typical mag- 

90 

CHAN A 
OUTPUT 

netic playback head rises with frequency 
to some fairly high value, above which 
output falls suddenly. Some heads will 
go out to higher frequencies than others 
and some of the newer heads will hold 
up a little better at the lower frequen- 
cies, but the general shape of the re- 
sponse is essentially the same for all 
heads. It is necessary, then, for your 
playback preamplifier to compensate 
for the head roll -off at the lower fre- 
quencies to present a flat response to 
the power amplifier. 

Ideally, the preamplifier should have 
a response which is the exact opposite 
of the head's response curve. This would 
produce a flat output from the pre- 
amplifier into the main amplifier where 
additional tone compensation could be 
inserted to suit the listener's taste. In 
the case of the author's unit, adequate 
bass boost is provided to level out the 
playback head output at low frequen- 
cies only. The highs are taken care of 
by adjusting the tone controls of the 
main amplifier to suit. 

The exact equalization curve can be 
changed quite easily to suit individual 

Front -panel vi ^w of the author's home -construe :ed four - 
transistor stereophonic tape -playback preamplifier unit. 

INPUT 
U^^^I 

CHANNEL 
-- 

R 
R. 
R.- 
R. 
R. 
R. 
R 
R.- 

R3 
CHAN. B 
OUTPUT 

needs by varying the values for R., R7, 
and C. Resistor R; governs the over -all 
gain of the channel, both by altering 
the gain of the first stage and by chang- 
ing the feedback voltage. The larger the 
resistance, the more feedback and the 
lower the net gain -and vice versa. 
Altering the value of R. will vary the 
feedback voltage only and can be used 
along with C. to set the shape, fre- 
quency, and total amount of low -fre- 
quency boost. The very high frequencies 
can be boosted by shunting R; with a 
suitable capacitor. However, this is not 
particularly important as the main am- 
plifier can do this satisfactorily with 
its treble tone control. 

The transistors are 2N369's manufac- 
tured by Texas Instruments. These op- 
erate very well in this circuit. They sell 
for around $1.75 each and are quite 
uniform, have a low noise figure, and 
fairly high gain. 

In this circuit, as in all transistor 
circuits, correct base current fbias) is 
important. It probably would be well 
to tack R, and R. into the circuit tern - 
porarily until the unit is tried. This will 

C4 
II 

J2 OUTPUT 
CHANNEL 

II A 

.110010 ohm. I1 w. res. 
22.1100 ohm, I t w. res. 
9111 011ll ohm, I ¿ u'. res. 
62.5110 ohtn, 1 í w. res. 
111,000 ohm, I , re. ers. 
91,100 ohm. I1 w. res. 
2110 ohm, I ¿ u'. res. 
3900 ohm, I , u. res. 

Note: Duplicate. the 

C,, C -30 µf.. Ill '. elec. capacitor 
C. -.001 4. mica capacitor 
C. -.2 µf. ceramic capacitor 
J;. J:- Phono jack 
Si- One -section of d.p.s.t. switch 

2:N369 transistor /see text) 
above for the second channel. 

Fig. 1. Circuit diagram and parts listing for one of the 
two identical preamplifier channels that are required. 
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allow you to take them out and replace 
with other values in case there is a 
difference between your transistors and 
those used by the author. If other trans- 
istors are to be substituted for those 
specified in the parts list, it is suggested 
that R, and R. be omitted and one - 
megohm pots be temporarily wired into 
the circuit. These pots can then be ad- 
justed for maximum output with no 
clipping of the audio sine wave. Once 
the correct settings are found, their 
values can be inserted into the circuit. 
The rest of the components should be 
satisfactory for any reasonable substi- 
tution. 

The author's unit was built on a 
printed- circuit board. This construction 
method is not necessary but does have 
the advantage of providing solid con- 
struction, ease of component mounting, 
and small size. 

One word of caution: be sure not to 
overheat the transistors when soldering 
the leads. It is good practice to hold 
the lead between the soldered connec- 
tion and the transistor body with a pair 
of long -nose pliers which acts as a heat 
sink and protects the unit. The only 
thing left after the wiring and solder- 
ing are completed is to assemble the 
board in a box, connect up a 22.5 -volt 
battery; and try it out. Be sure the 
battery is connected in the correct pol- 
arity. The current drain is very low. 
only 1.1 ma. per channel, so a small 
battery will last a long time. 

Incidentally, the use of a battery will 
be a revelation to those of you who 
have worked long hours trying to elimi- 
nate the hum caused by ground loops 
in your audio equipment. 

This unit will furnish adequate gain 
to bring up the 1 -mv. output of your 
recorder head to some usable level. If 
you prefer less transistor hiss you can 
buy quieter types -but not for $1.75. 
The hiss is very low with these transis- 
tors, however, so it is no problem as is. 

Don't try to use this unit with a 
crystal phono pickup as it has too low 
an input impedance and, in addition, will 
have very poor low- frequency charac- 
teristics. 

"You have a problem, McVeal. Your dog 
whistle changes channels on my TV." 

February, 1963 
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FANTASTIC VALUE IN CLOSED CIRCUIT TELEVISION 
BRAND NEW- COMPLETE SYSTEM SHOWN 

LOW - LOW $495.00 Fraction of Mfg. Sug. Retail Price 
ONLY $649.50 

Complete system with all 
tubes -wired and tested. 
Less Vidicon and Lens - 
with Schematics (connect- 
ing cables and plugs only 
-supplied, but not as- 
sembled) 

CONTROL MONITOR 
12 Tubes & 21DAP4 

CAMERA 
4 Tubes & Vidicon 

Complete system with test 
vidicon, 1 inch lens, and 
assembled cables, schemat- 
ics, wired and tested. 

ELECTRONICALLY REGU- 
LATED POWER SUPPLY 

11 Tubes & Transistor -31.5 
Kc. Crystal Controlled Oscilla- 
tor 115 V. -A.C. 60 cycles. 

EIA Standards of 525 lines, 60 Fields, 30 Frames and 2:1 interlace- Aspect 
Ratio 7:3- Capable of 700 lines Horizontal resolution and 350 Lines Vertical 

Write for Catalog :1273EW -"HOW TO BUILD LOW COST TV CAMERAS," Industrial and Broadcast 
Cameras and equipment, Miscellaneous accessories, lenses, tripods, etc. ONLY 50e 

DENSON ELECTRONICS CORP., Box 85, Rockville, Conn Telephone TRemont 5 -5198 
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L SEND FOR OUR FREE COMPLETE LIST OF 
8. SPECIAL PURPOSE TUBES 

Micno 
ELECTRON TUBE 

FABULOUS LOW PRICES! 

LARGE SELECT STOCKS! 

DEPENDABLE, FAST SERVICE! 

B Each and every tube Is tested in our 
own laboratory for mutual conduct- 
ance and life test. 
We guarantee FREE replacement for 
one year of any tube purchased from 
us which fails to function eMiCiently 
Under any or all operating Condi- 
tions. Prompt refunds are made on 
any defective merchandise. 
The advertised tubes are not fleCes 
sarily new, but may be electrically 
perfect factory Seconds or used 
tubes -each is Clearly so marked. 

37.° 

ALL TUBES SENT POSTAGE PAID. Please Send 250 
handling for orders under SS. Send 2Sn, deposit On 
C.O.D. Orders. Semi approximate postage on Canad. 
Ian and foreign orders. 

MICRO ELECTRON TUBE CO. 

P.O. 8o( 55 Park Station. Paterson 3, N. J. 

1 

CIRCLE NO. 129 ON READER SERVICE PAGE 

SAY YOU SAW IT IN 

EI(e1I'OIÌiCS \\()Ii(1 

HI -FI COMPONENTS 
TAPE RECORDERS 

SLEEP LEARN KITS 

MERITAPE 
low cost, high qualify recording 
tape, in boyes or cans. \ FREE 1963 CATALOG 

DRESSNER 523 JERICHO TPKE. 
NEW HYDE PARK 16 N.Y. 
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The Electronic Antenna 
(Continued from page 44) 

impedances, no difference vyould be ob- 
servable on the TV screen, whether the 
amplifier be mast -mounted or antenna - 
mounted. Likewise, since this very short 
piece of 300 -ohm line is properly termi- 
nated with matching impedances at both 
ends, the amount of noise it can pick up 
is negligible and meaningless in the 
over -all system In fact, in most installa- 
tions, the amplifier could be mounted 
On the mast several feet below the an- 
tenna vyithout causing observable differ- 
ence. 

This, in turn, leads to the question of 
amplifiers designed specifically for a par- 
ticular antenna. Mechanically, the am- 
plifier can, of course, be designed for 
a particular antenna, such as haying the 
plastic case of the amplifier act as the 
driver dipole terminal insulator. When 
this is clone, however, removal of the 
amplifier for servicing leaves the dipole 
assembly vvithout a support at its ter- 
minal point unless a special insulator is 

made available. 
Under some circumstances, it night 

be desirable to design an amplifier elec- 
trically for a specific antenna. For ex- 
ample: an antenna that has good gain 
on all low -band channels except channel 
4 could obviously benefit from an ampli- 
fier that has more gain on channel 4 than 
on the other channels. Likewise, if an 
antenna has some unusual terminal-im- 
pedance value, such as 1200 ohms, 
again an amplifier specially designed 
with an input impedance of 1200 ohms 
instead of 300 ohms would be desirable. 
However, if proper engineering tech- 
niques and design practices are used to 
produce an antenna having proper gain 
curve and impedance characteristics, 
there should be no reason why such an 
antenna would require a specially de- 
signed amplifier. 

The choice of using an antenna with 
an amplifier, or simply a higher gain an- 
tenna, or a stacked array, is never a 
simple "rule -of- thumb" procedure. If 
noise pickup is our problem, its nature 
and location is of importance. If the 
difficulty is with transmission line pick- 
up, it is entirely possible that simply 
using a shielded transmission line will 
satisfactorily correct the situation. in this 
case, a shielded line would present to 
the TV receiver a cleaner signal al- 
though, because of its greater attenua- 
tion or losses as compared to high -grade 
:300-ohm ribbon line. the level of the de- 
sired signal would be reduced. If this 
increased line loss reduces the desired 
signal to a level that is too low, a 
higher gain antenna or an amplifier, 
would of course be required. If increas- 
ing the gain of the antenna will provide 
sufficient additional signal, this undoubt- 
edly is the most economical vv iy of ob- 

tailing a satisfactory result. However, if 
very large increase in gain ( such as 10 
db or more) is required, then the addi- 
tion of an amplifier is indicated as being 
more sensible. There are practical limi- 
tations on the size and cost of antennas 
intended to provide very large increases 
in gain. 

If the source of local noise is such that 
most of the difficulty is being caused by 
noise picked up directly by the antenna, 
adding an amplifier will not improve the 
situation, as it would simply amplify the 
noise along with the desired signal, re- 
sulting in a higher signal level but the 
same offending signal -to -noise ratio. The 
problem then reverts to the antenna, 
which should have a narrower and more 
discriminating directivity pattern. Even 
though the very high db gain of an am- 
plifier may be required because of ex- 
tremely weak signal, in noisy locations 
it would he desirable to have a highly di- 
rectional (and high -gain, since they go 
hand -in -hand) antenna to discriminate 
against the noise. 

If one wishes to discriminate against 
atmospheric noises from above the an- 
tenna, or from other noise sources be- 
low the antenna, the stacking of two 
bays would be advisable, as this would 
increase gain primarily by narrowing the 
vertical -plane response pattern. In very 
weak signal areas with many local 
sources of noise, a satisfactory antenna 
installation may require the stacking of 
two bays of very high gain antennas, to 
produce the maximum discrimination 
against all undesirable signals, and also 
possible, an amplifier mounted near the 
antenna on the mast to supply the TV 
receiver with sufficient signal. 

The problem can be summarized by 
the difference in engineering philosophy 
between the amplifier and a high -gain, 
highly directional antenna. The job of 
the booster, of course, is simply to ampli- 
fy the signal presented to its input ter- 
minals and, at the same time, add as little 
noise as possible to the over -all system 
from its own inherent internal noises 
(determined by the signal -to -noise ratio 
of the amplifier itself) . Also the design 
of the amplifier should be such that it 
is not prone to overloading or cross 
modulation from a strong, local signal. 
The function of the antenna, however, 
is to pick up a strong, clean signal for 
presentation to the input of either the 
amplifier or the TV set. Since the ampli- 
fier and for TV receiver must operate on 
the signal delivered by the antenna, the 
choice of receiving antenna is of prime 
importance. It is the most critical com- 
ponent of the entire system, affecting 
the operation of all other components 
that follow it, including the amplifier. 
In fact, in many special situations, an 
antenna specifically designed to meet the 
particular local requirements may be 
indicated, whether an amplifier is used 
or not. 
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ELECTRONIC 
CROSSWORDS 

By LUTHER A. GOTWALD, JR. 

(Answer on page 111) 

ACROSS 
1. Geometric curves. 

10. A Latin language (abbr.) . 

12. Flashing lights used to "freeze" 
motion. 

15. A Chinese dialect. 

16. Farm animal. 
17. Stereo speakers 

like this. 

18. Earth. 
20. Part of the impedance of an a.c. 

circuit due to inductance and 
capacitance. 

21. Pick 
22. Fuel consumption 
23. Type of speaker. 
24. Moslem teacher. 
27. Chemical ending. 

28. Pickup used to modulate FM 
system. 

30. Man's nickname. 

31. Pronoun. 
32. Professional "sound" group 

(abbr.) . 

34. Worthless things. 

37. Induction -type pickup. 
40. Preposition. 
41. Another type of pickup. 
42. Charles II's "Nell." 
43. Again (prefix). 
44. Shaded walk. 
47. A chemical (abbr.). 
48. Type of current produced by 

putting pressure on a crystal. 

DOWN 
2. God of war. 
3. All the resistance in a circuit 

(schematic notation). 
4. Belonging to (suffix) . 

5. Early atomic theorist. 
6. Reed instrument. 
7. Type of graph used in audio 

are mounted work. 
8. While. 
9. Cantankerous command. 

10. A sparkling bit. 
11. Food fish. 
13. World War II agency. 
14. Adds dimension to sound. 
15. Turntable defect. 

rate Iabbr.). 

19. A jolt. 
23. Attenuator. 
24. Transformer output (abbr.). 
25. Fifty -one (Rom. num.). 
26. Girl's name (var.). 
27. In the work mentioned (abbr.) . 

28. Engineering degree (abbr.) . 

29. Sphere of action. 
32. Concede. 
33. Institute for training ministers 

(abbr.) . 

35. Its usually housed in a ham 
shack. 

36. Needles. 
37. Inaudible frequency (abbr.). 
38. Prefix meaning "air." 
39. Period. 
45. French article. 
46. Tuned circuits (abbr.). 

1 2 3 4 5 6 7 8 9 10 II 

12 13 14 

15 16 17 

18 19 20 . 22 

21 

23 24 25 26 27 

28 

30 

32 

29 . 
33 

31 

34 35 36 

4o 37 38 39 . 
41 ... 42 

43 44 . 45 46 47 

48 

February, 1963 

HEAR 
DISTINGUISHED 
SPEAKERS & 
PANELISTS 

at 

11-TRIPLE-E% 
International Convention 

and Exhibition in New York 

MARCH 25, 26, 27, 28 
The COLISEUM at Columbus Circle 
& The WALDORF ASTORIA HOTEL 

MEMBERS $1.00; NON-MEMBERS $3.00 admission 
MI N IMUM AGE: 18 

SHOW 
(formerly the IRE Show) 

Superior's New Model 820 

TUBE TESTER 
TESTS ALL MODERN TUBES 

INCLUDING THE NEW 

NOVARS 
NUVISTORS 
10 PINS 

yo 12 PIN 
COMPACTRONS 

Employs new improved emission circuit. 
Tests over 850 tube types. 
Tests OZ4 and other gas filled tubes. 
Employs new 4" meter with sealed air -damping 
chamber resulting in accurate vibrationless readings. 
Use of 26 sockets permits testing all popular tube types. 
Dual Scale meter permits testing of low current tubes. 
7 and 9 pin straighteners mounted on panel. 
All sections of multi -element tubes tested simultaneously. 
Ultra- sensitive leakage test circuit will indicate 
leakage up to 5 megohms. 

Model 820 comes complete with tube charts and Instructions; $3850 
housed in handsome, portable, Saddle Stitched Teron case. Only 

SHIPPED ON APPROVAL 
NO MONEY WITH ORDER -NO CO. D. 
Try it for 15 days before you 

r buy. If completely satisfied l.l.l t lic..l 1.. 1.1 buy. il'. 
'IM In Tenll. {pr. Nev Ynrk :11, N.Y. then send 55.00 and pay please rush Model I30. If satisfactory, I win pay balance at rate of $5.00 per on terms specified. Otherwise I will return tester. 

month until total price of 
$35.50 (plus postage) to paid Name 

- No Interest or Finance 
Charges Added! If not com- 
pletely satisfied, return to 
us. no explanation necessary. 

Address 

City Zone -State 
All prices net. F.O.B., N.Y.C. 
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FAIR RADIO SALES 
2133 ELIDA RD. Box 1105 LIMA, OHIO 

OF THE WORLD'S FINEST 
ELECTRONIC GOV'T 
SURPLUS BARGAINS 

HUGE SELECTION - 
OUTSTANDING "BUYS" 

sup. 

.1-former... Amplifiers. He:u1.e1.. (bn 
T..1 Equipment. Control Hoses. 

Llolnr. I4'n: Itlow'ar.. ':1I4e. 
t:erer.. I hoko.. Handsets. Switches. 

I It.la... Iapacitor., Itueo 
. . 1: -cl.rns. Scopes. Ere. 

,.. t limiter..Oscillators. 

PARABOLIC 
ANTENNA 

ANTENNA REFLECTOR Four 14, 
.1. Parabolic 

1o,. ')P' ,. _1 antenna 
Iteed. lid :1" III . . lIo lot for 

.3 III" N "l' ' I Rulde. for 
approa. 71(41) MC. four mount. 
ins brackets with hardware. 
Painted gray. het Wt.: 55 Iba. 

$2995 
Price 

Price -with heater $3995 
de frost att.Whment 

MICROWAVE 
REFLECTORS 

A. i.,te.l - Alulnlnunt - Plane 
I OM I . P. canton/infirm. Mounted 
toy Ir:.lo.work of the reflector and 1.' hape,l brarkel, with nl.,s.ar, 
hardware and xur.: 
.: 1.1. wIdc1 b,' It Ft. Long-Net Wt.: 
125 Ibro. 

' 
ShPK. Wt.: $7500 

:173 Ib.. Prlre. . . . . . . 

\\. be t'! F'I. 1.. .hi,: . \rl.: 
.,iu. Ib. $12500 

Address Dept. EW Prices F.O.B., Limn, 0. 
25 %r Deposit on C.O.D.'s Minimum Order $5.00 

SEND FOR CATALOG! 
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SPECIAL STEREO 

CABLE ASSEMBLIES 

FOR CONNECTING 

2 PIECES 

OF STEREO 

EQUIPMENT 

( 1 

0 0 0 0 0 0 0 
M IN 1 t t 

Eliminate Soldering 

Make a Quick, 

Clean 

Connection 

Connect your Stereo Amplifier to Multiplex 
Adapter, Record Changer, Turntable or Tape 
Recorder! 

Construction -Two shielded insulated cables, 
inside a common chrome grey plastic jacket, pro- 
vide for two completely isolated channels. Sep- 
arately insulated shields minimize the "ground 
loop" problem. 

Available with two straight Phono Plugs on 
each end, plugs color coded for channel identi- 
fication. Also available with two straight Phono 
Plugs on one end to stripped and tinned ends, 
plugs and inner jackets color coded. 3', 6' and 
10' lengths -from 52.90 up. 

Contact your dealer or write us for name of 
dealer nearelt rnu. 

,17 N. ELSTON AVE CHICAGO 30, ILL. 
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SIMPLE TRANSISTOR CHECKER 
By A. J. MOLINARA 

FIG. IA is a schematic of a conven- 
tional small- signal transistor 13 

checker. To measure the i you would 
adjust Rt to obtain a value of base cur- 
rent, 111, read on Alt. The collector cur- 
rent, i, -, is then noted on Al_. The 0 of the 
transistor is the ratio of the collector 
current to the base current ( 3 = 1. /1B ) . 

The author found that when the base 
current %vas varied to obtain different 
readings for current -gain measurements, 
there were instances when excessive 
base -input current caused a misleading 
gain figure. 

With the circuit shown in Fig. 1B, this 
shortcoming was surmounted by fixing 
the base -input current at 20 µa., an opti- 
mum 'aloe for the general run of small- 
signal transistors. With the base current 
LI held constant at 20 lla. (0.02 ma.) the 
(current -gain formula becomes 0 =I. / 
0.02. which equals 501. . ( All terms must 
be ill the same units, i.e., ma. or pa.) 
Therefore with a fixed base -input current 
of 20 pa., it is merely necessary to multi- 
ply the collector-current reading by 50 
to determine ß. 

Complete Circuit 
The tester shown in Fig. 2 uses a 1 ma. 

meter so a full -scale indication represents 
a transistor 0 of 50. To increase the range 
four times, the meter must be shunted to 
indicate fouir nia. full -scale. Then a full - 
scale reading will represent a transistor 

300K 

0 of 200. An inclication of .2 on the meter 
"lien operating in the x 50 range re- 
quires multiplying .2 x 50 = 10. The 
same .2 indication on the x 200 range 
requires multiplying .2 x 200 - 40. 

To determine the value of the shunt, 
R.5, adjust a 5000 -ohm pot, connected in 
series with a 0 -1 ma. meter and a 1.5 -v. 
battery, until the meter indicates 1 ma. 
Connect another pot in parallel with the 
meter and adjust it to reduce the meter 
indication to .25 ma. Measure the resist- 
ance of the shunt pot and buy or wind a 
resistor of the same yalne. To be slue 
that the value is correct, check a tran- 
sistor on the > 50 range and then switch 
to the x 200 range. The gain figures 
should be the saine. A transistor that in- 
dicates .8 on the x 50 range should indi- 
cate .2 on the x 200 range. 

In Figs. 1B and 2 a 300,000 -ohm re- 
sistor in the transistor base circuit fixes 
the base input current at 20 lta. The 
2200 -ohm resistor limits the collector 
current. S., in Fig. 2, determines gain or 
leakage (1,Il,.) test. Normal till leakage 
should be below 5 Fla. Transistors with a 
leakage current over 10 pa. are question- 
able. For a more accurate leakage -cur- 
rent reading, a microanuneter may be 
used instead of a nlilliammeter. First take 
a reading with the milliammeter to make 
certain the current does not exceed the 
range of the micro:nmeter. Be sure, too, 
that S:: is in the leakage position. 

22K 

(Al sel 

Fig. 1. IA) Conventional d.c. -beta test circuit. (B) Simpler circuit used by author. 

Fig. 2. Checker measures gain to 200, and leakage of "n -p -n" and "p -n -p" transistors. 
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Radio & TV News 
Events in the Service Industry 

TEXT for this month's sermon: Intel- 
ligence is inborn, but wisdom must 

be learned. 
With time, the service industry has 

crone to bring riper insight to its stand- 
ing problems, opening the way to more 
constructive remedies. Once all ills were 
caused by manufacturers, distributors, 
and sundowners. Such measures as li- 
censing and selective buying would cure 
everything. Today the mentioned 
groups, although still recognized as fac- 
tors, are not branded as pure and simple 
scapegoats with exclusive responsibility. 
And it is realized that the problems will 
not vanish miraculously when such 
magic wands as licensing are waved. 

Consider, for example, a recent evalu- 
ation of the part -timer -who may learn 
to qualify for a license, if he has to. In 
an article entitled "Pool Your Resources 

. and Survive," NATESA spokesman 
Frank \loch points to an underlying 
factor: the trend to a shorter work week 
-as short as 25 hours in some industries 
today. The growing reserve of working 
people with time on their hands will 
feed the part -time pool, come Nvhat may 
from other directions. 

He also takes a fresh look at manu- 
facturer- controlled service, whether it be 
of the directly "captive" variety or in the 
form of an "extended warranty." There 
has been much talk over the fact that we 
have passed from an economy oriented 
toward goods to one oriented toward 
service. That is to say, slightly more 
than half of the consumer's dollars are 
spent on services right now, and the 
shift will continue from year to year. 
This means that big business, including 
TV set makers, will become increasingly 
interested in bidding for the money 
spent on services. 

Plan for Action 
Moch surveys some of the other prob- 

lems in the same way. But the real point 
is that, if the economy is inevitably 
changing, the small shop must anticipate 
and adjust to reality. 

Although it will mean the surrender 
of some traditional, "rugged individual- 
ism," his program nevertheless aims to 
preserve the basic individualism of 
small, private ownership. He feels that 
dealers should act in concert (obviously 
through such existing instruments as 
their associations), where separate ac- 
tion is fruitless. 

Advertising is one area named. One 
shop has neither the resources nor the 
know -how to launch an effective cam- 
paign, particularly if it can expect to 
buck a company with a big budget in 
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the future. Pooling resources will enable 
the hiring of specialists to devise effec- 
tive campaigns, and consumer response 
to such ads could be divided on a geo- 
graphical or other equitable basis. 

Buying of parts can also be done ill 
combination, although this does not 
necessarily mean bypassing of regular 
distributors, he points out. Larger pur- 
chases )till mean better prices and will 
also encourage those distributors not 
competing with their dealer customers 
on the retail level. 

Cooperation can also be extended to 
retailing TV and radio sets, which many 
service people have abandoned in the 
face of stiff price competition. Control 
of sales is an important asset in obtain- 
ing service work. Services can meet com- 
petition if the join hands for large -scale 
bu) ing. 

Centralized Service 
Finally, the pooling of equipment and 

skill can produce perhaps the most im- 
portant economy of all, without sacrific- 
ing the personalized but wasteful type 
of service, represented by the one - or 
two -man shop, that the public seems to 
prefer. Most bench work could be donc 
in centralized shops, for example, where 
complete equipment and substantial 
parts inventories would be maintained. 
Economy Nvould be made possible by 
the large volume of work. 

Each dealer would still retain his own 
accounts and deal with then on an indi- 
vidual basis. The pooled facility would 
also take advantage of each man's spe- 
cialty. If you are a wizard on the Admiral 
line, for example, you would concentrate 
on this brand no matter who brought the 
set in. On the other hand, if Phi/co sets 
are off your beaten path, the ones you 
run into would be tackled by another 
specialist. 

The Principle also extends to types of 
equipment other than radios and TV 
sets. Knowing little about tape recorders 
is no problem, if someone else in the 
"combine" can eat them alive. In fact, 
\loch suggests, the principle could ex- 
tend to the type of diversification that 
evens out seasonal peaks and valleys. 

He stops short of details at this point. 
however. Realizing the concept's new- 
ness, he chooses to go no further until 
he can get some feedback reaction. If 
opinion is favorable, he promises to carry 
the basic notion further. He also notes 
that he considers the "clays of the in- 
dustry as now constituted" quite limited, 
with some plan for the future becoming 
increasingly important. 

\lore on this next month. 

Keep controls 
and switches 

" QUIETROLE 
The original products of its kind. 

An Industry 

Used by every segment of the in- 
dustry. Those who know, know the 
difference that makes it the best. 
Imitations are only poor substitutes. 

Supplied in 
2 -4 -8 oz. 
bottles and 
6 oz. Spray - 
Pack with 
extender. 

manufactured by 

QUIETROLE COMPANY 

: Spartanburg, South Carolina 

In Canada: CROSS CANADA ELECTRONICS 

12 Laurel Street, Waterloo, Ontario 
CIRCLE NO. 138 ON READER SERVICE PAGE 

STROMBERG 
CARLSON 64 WATT 

STEREO AMPLIFIER SALE 
REGULAR McGEE'S 
$199.50 PRICE 99.95 

,I..... 
l 

.Tail Carload Purchase Sn' :.' w, Factory 
..1 ; I , -aft 1 :12 watts per cll:,nnW ] ,tereo -HIFi 

Audio Arvin.,l"r. \lodlI, A SII.MMII. II'- .ill there Is m lalltr :n1 ,neat. Made to sell at 5200.00. McGee 
Offer. them for Only $119.95. Metal . $5.99 
extra. Works with any record changer and tuner. L,. 
with a n ': e III FI speakers. Only 500 0 to sell. Or.. 
yours how. weight. 1. Ills. unbiton offer: ASINNII. Os ,rant stereo nmphtlel 
with t;arrard Type "A." Shure M7II cartridge and 
Iwo s, ,.bell. Ì _nF1t wide -range 12 speakers. 

and 

far only $2.5.40. 
Woo1 I,.l... (nr Type A. 64.95. L553. S RPM spindle. 
53.80. ll.W:nd \Kn:llt. FM -AM sell- powered tuner. 
S54.30 extra. 

il raa-_ 
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SPECIFICATIONS 
The Stromberg- Carlson ASR -880 is one of the most 

Designed 
stereo 

th O the mflexibility 
available 

of a ecording studio control panel. each channel has individual tone con. trols and professional mixer -type separate volume 
controls which operate in conjunction Ith the master 
gain control. Specially engineered output transformers 
utilize massive. grainoriented steel cores for s 
Ceptionally good low frequency power handling with 
minimum distortion. In rating the ASR -880 a leading 
test laboratory reported A pleasant surprise calve in 
measuring the power output of the ASR880. Each 
Channel delivered 50 watts at 2% harmonic distor- 
tion. or 48 watts at 1; distortion. This is unusual 
in an amplifier rated at 32 watts per channel. Only 
0.6 or 0.7 millivolts at the phono inputs will drive 
the amplifier to In watts output per channel. At 
normal gain settings of the unit the hum level is 
better than 70 db below 10 watts r 

v 
n on phono 

input. This Is completely inaudible. The ASR -880 
has a rare Combination of very high gain and very 
low hunt. The amplifier has a number of special 
features such as center channel output and a very 
effective channel -balancing system. as well as the 
usual stereo functions found in all good amplifiers. 
Sensitivity: T 0.2V: Magnetic Phono. 2.5MV: 
Ceramic Phono. 0 4V. Input Impedance: Tuner Aux.. 
1 meionm: Magnetic Phono. 47K ohm: Ceramic 
Phono Tape. 2.2 megohm. Output impedances of 4. 

and 16 ohms on both channels and 8. 16 ohms 
across 4 ohm tips on center speaker. High Irnpen- 
anCe output for tape recorder. Tone control range: 
B ass 150 Cps) plus or minus 17 db: Treble I20kcl 
plus or minus 15 db. Two AC power outlets. one 
switched. Overall size. 131'a.' x ass- High and 131/2" 
deep. Tubes: 4 -7355. 2.7199. 4ECC -83s. Gold finish 
metal Iront panel with gold color knobs. 

WRITE FOR McGEE S 1963, 176 PAGE CATALOG 

McGEE RADIO CO. 
1901 McGee St., Kansas City 8, Missouri 
CIRCLE NO. 127 ON READER SERVICE PAGE 
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TRANSISTOR 
IGTNITION 

READY -TO- INSTALL CONVERSIONS 

YOU can get TOP MILEAGE, HIGHEST PERFORM- 
ANCE. LONGER POINT 8 PLUG LIFE. BETTER WIN- 
TER STARTING, and MANY OTHER ADVANTAGES with 
one of our INEXPENSIVE TRANSFIRE systems. 
These include HERMETICALLYSEALED AMPLIFIER, 
HIGH -RATIO COIL, BALLASTS, Leads & hardware. 

MODEL T 6 or 12v. neg. grd. $39 95 
MODEL T2 TWO TRANSISTORS, 

250:1 coil $44.95 
MODEL TP 6 or 12v. pos. grd. direct 

installation wo. insulating points $54.95 
MODEL TS Special, 40kv system $59.95 
MODEL TS2 TWO TRANSISTORS, 

400:1 coil $49.95 

TWO -TRANSISTOR KITS Everything needed to build 
conversion. Includes transistors, coil, ballasts, 
heat sink. decal, etc. 

KT2 with TX250 coil for 30kv output . ;34.95 
KTS2 with 1400 coil for 40kv output . $39.95 
KTl one transistor with 400:1 coil . $29.95 

6 or 12v. Negative -ground only. Point insulation 
kit adapts to positive ground, $2.50 pp. 
1 oz. Epoxy potting plastic in mixing bag $1.95 pp. 

HIGH -RATIO IGNITION COILS with free circuit dia- 
gram. 

TX250 Heavy duty coil 250:1 ratio .. $ 995 
T400 HIGH EFFICIENCY 400:1 coil for 

HIGHER OUTPUT and /or LOWER 
TRANSISTOR VOLTAGE 514.95 

FULL LINE of PARTS at NET PRICES. 
Free lists. Dealer opportunities. Marine models 
available. When ordering, specify voltage and car. 
Add postage for 4 lbs. on kits and cony's; 3 lbs. on 
coils. $5.00 deposit with COD's. 

PALMER ELECTRONICS LABORATORIES Inc. 
CARLISLE 1, MASS. 617 -AL 6 -2626 

CIRCLE NO. 135 ON READER SERVICE PAGE 
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AMERTRAN PLATE TRANSFORMER 
Primary 105 -125 AC. 60 Cy. Secondary 3100.0 -3100 V. AC « 600 MA $75 00 
i2 KVAI Price ea. $P J 

FILAMENT TRANSFORMERS 
All 110 VOLTS -60 CYCLES unless noted 

Sec. 6.3 V. .6 A. 751 Sec. 6.3 V. S A. $1.95 
Sec. 6.3 V. 4 A. 1.75 Sec. 6.3 V. 10 A. 2.50 

Sec. 6.3 V. 25 A. 4.75 
Sec. 12.6 V. 5 A S 2.95 
Sec. 6.3 V 5 A. 6.3 V 10 A. 5 V 5 A S 2.95 
Sec. 5 V 52 Amps 116 KV ins) $17.95 
210 Pri. 60 Cy. Sec. 1.6 V 1100 amp $18.95 

RELAYS 
6 VOLT DC 3PST -N.O. .65 
12 VOLT DC DPDT 1.35 
110 V. AC SPDT Plug -In 1.50 
110 V. AC 4 PDT 15 Amp Cent 3.95 
Sens. 11.000 Ohm Coil 1 Ma. Adj. SPOT 1.95 

SILICON RECTIFIERS 
PIV Current Price PIV Current Price 
100 500 Ma S .25 400 2 Amps 51.00 200 500 Ma .30 100 15 Amps 1.50 400 500 Ma .50 200 15 Amps 2.75 750 500 Ma .90 400 15 Amps 3.75 200 750 Ma .30 
400 750 Ma .50 50 50 Amps 3.50 
100 2 Amps .35 100 50 Amps 4.25 
200 2 Amps .55 200 50 Amps 5.00 

BRAND NEW OIL CONDENSERS 
50 MFD 21111 l'OC 4.50 2 MCD .1111111 \'Ill 1.50 

2 MFD 000 VIIC .50 MFD \III 3.50 
3 MCD 00(1 VIIC .60 6 MFD 251)0 VIIC 5.50 
4 MFD 01111 VII(: .75 2 MCD 401111 l'11C 6.25 
5 MCD 01111 V11C .80 3 MFD 40110 VIIC 8.95 
6 MFD 600 V11C .85 4 MFD 211011 12.95 
8 MFD 6(10 VOC 95 1 MFD 5000 VDC 4.50 

10 MCD 000 VDC 1.19 2 MCD \1.1' 8.50 
12 MFD 000 VIIC 1.50 4 MFD 6()00 VDC 15.95 

1 MCD 1111111 VDC .50 .5 MFD 75110 S'DC 2.95 
2 MCD 111011 VDC .70 1 MFO 7,00 VDC 6.95 
4 MFD 111110 VII(' 1.35 2 MFD 751111 17.95 
8 MCD 10111) VII(' 1.95 2 MCD 10,1100 " 29.95 

IO MFD I VIIC 2.50 2 MFD 12,500 " 34.50 12 MFD 111110 VDC 2.95 1 MFD I 5.000 " 2.50 
1 MCD 1200 VDC .45 2 MFO 16.000 " 69.50 
1 MCD 1 500 WIC .75 1 MCD 20.000 " 59.50 
2 MFD 151111 VII(' 1.10 .5 MFD 25.0110 " 34.95 
4 MCD 151111 VI1C 1.95 1 MR) 25,0110 " 69.95 
8 MCD 1500 VDC 2.95 10 MFO qi 1.95 
1 MFD 21100 VDC .85 3 MFD 1000 VAC 1.95 

66 

SPECIALS 
9 FT. 11011,U with 2 PL259 Plugs SSC VACUUM SWITCH GLIS21 1 25 
BC 442AM ANTENNA 808 1 95 
212" Meter 100.0.100 Mieroamps. 2.95 
0 -365 MMF VARIABLE CONDENSER I.," Shalt 75C 

PEAK ELECTRONICS CO. 
W. Broadway, New York 7, N. Y., WO.2.2370 
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EW Lab Tested 
(Continued from page 20) 

its versatility. Using the earphone, audi- 
ble output could be obtained from inputs 
as low as 5 millivolts at 100 mc., mod- 
ulated :307. Even FM signals could be 
picked up near the tube envelopes in 
the multiplex and audio sections of re- 
ceivers. The micro\\ ive demodulator 
yielded ;In(lible nntl)uts at 12(1(1 nec. at 

a - 50 db level, corresponding to 0.7 
millivolt, at 100% modulation. 

Viewing the output on an oscilloscope, 
we were able to pick up the acoustic 
output of oscillating quartz crystals by 
touching the vibration pickup to the 
crystal case, at frequencies as high as 
100 kc. The possible uses of this com- 
pact instrument are limitless, and surely 
go far beyond the usual signal -tracing 
techniques. It is ruggedly built and 
finely finished. The Inlit sells for S1 10. A 

Citroen Model 660 Tape Recorder 
For copy of manufacturer's brochure, circle \o. GO on coupon (page 15) 

PORTABLE, battery -operated tape 
recorders have generally fallen into 

two price categories, one selling for 
about $20 and the other for several hun- 
dred dollars. The former is little more 
than a toy, lacking constant -speed cap- 
stan chives, and with such poor quality 
that even speech is often unintelligible. 
The latter, fully professional in quality, 
is too expensive for the average user. 

The Citroen 660 represents an inter- 
esting compromise between these two 
extremes. It is light and portable, meas- 
uring only 7355" x 7" x 215" and weighing 
5% pounds in its leather carrying case, 
and has many of the operating conven- 
iences found on home tape recorders. 
The capstan drive has tape speeds of 
1% ips and 3% ips. The transistor ampli- 
fier and motor are powered from six 
penlite cells, installed in a removable 
cartridge. Unlike cheaper portable re- 
corders, the 660 has a bias 'erase oscil- 
lator, motor -driven rewind, a safety in- 
terlock for recording, and a tiny meter 
for monitoring recording level and bat- 
tery voltage. It is beautifully finished in 
polished chrome and black wrinkle, and 
has a transparent window to allow in- 
spection of the reels during operation. 

The recorder can accommodate 3" 
reels, which hold up to 600 feet of % -mil 
tape. Being a half -track machine, it can 
record up to 2 hours on a reel at 114 ips 
or 1 hour at 3% ips. The basic price of 
$149.50 includes the leather carrying 
case, batteries, microphone with remote - 
control switch, earphone, telephone 
pickup, take -up reel, and a reel of tape. 
An additional $39.50 buys an accessory 
kit including an adapter for powering 
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the recorder from the cigarette lighter 
socket of a (-al% a foot -operated remote - 
control switch, and an a.c. power supply. 

The 660 is not a high -fidelity recorder, 
and is not sold as such. Its chief useful. 
Hess would seem to be as a dictation 
machine, operating independently of 
power sources. A demonstration music 
tape supplied with the recorder pro- 
duced highly listenable sound, compar- 
able to that of a table model radio The 
two 2 %" speakers produced more than 
adequate volume Voice recordings came 
out well, but the vow and flutter made 
music recording impractical 

Since we didn't have a 300 -foot reel 
of tape available, we wound some stand- 
ard 1 -mil tape on a 3" reel for our tests. 
The record playback frequency re- 
sponse at :3.i ips was ± 3 db from 100 
to :3500 cps, and at 114 ips was ± 3 db 
from 125 to 2500 cps. The signal -to- 
noise ratio was 58 db ( there was no 
hunt, of course, only a slight background 
hiss). At either tape speed, the wow 
was 17 and flutter was 0.25 %. The flutter 
was at a low rate, producing an audible 
gargling sound more annoying than the 
numerical figure might suggest. Rewind 
time for the demonstration reel (pre- 
sumably 300 feet) was 1 min., 40 sec. 

As a means of writing voice letters, 
dictating, or taking verbal notes when 
a.c. power is not available, the 660 
would seem to be quite satisfactory. 
Playback of pre -recorded 3% -ips tapes, 
cut to fit :3" reels, can also be clone if the 
music does not contain many sustained 
notes. 

(Editors Note: We have just been in- 
formed that the Model 660 is now being 
supplied with a 715 -ips conversion kit. 
With this addition and improvements in 
design, the manufacturer claims that the 
wow and flutter are less than .187 r.nl.s. 
and that the frequency range has been 
extended to 75- 15,000 cps ± 5 db.) 
Sr- 
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Electric Shock -On Purpose 
(Continued from page :32) 

Defibrillator that is suitable for both 
closed- and open -chest resuscitation. 

blv, including the mercury cells and 
other components. is potted in epoxy 
resin to prevent shifting of the compo- 
nents, strain on the coi meeting leads, and 
to keep out the body fluids which are 
electrically conductive and would cause 
short circuits. In addition, the assembly 
is encapsulated in a double shell of sili- 
cone rubber. 

Implantation 
The pacemaker is implanted in the 

subcutaneous abdominal tissues. Lead 
N\ ires from the pacemaker are connected 
to a pair of electrodes buried in the myo- 
cardium ( heart muscle) and held in 
place by sutures. As a safety feature, an- 
other set of leads is brought out from the 
pacemaker. This subcutaneous extension 
terminates slightly below the skin. In an 
emergency, a surgeon can make a small 
incision to reach the extension leads. In 
the event of failure of the internal pace- 
maker, an external unit can be connected 
to the exposed extension leads. In addi- 
tion, an oscilloscope can be connected 
to these leads to determine whether the 
failure is in the pacemaker proper or in 
the heart electrodes or leads. Another 
emergency use of the extension leads is 
that they can be used to short out a cur- 
rent- limiting resistor in series with the 
pacemaker output. This increases the 
output current of the pacemaker to 
compensate for increased stimulation 
threshold due to increased electrode re- 
sistance. 

The pacemaker ends of the electrodes 
terminate in stainless steel pins. These 
plug into jacks in the pacemaker and are 
held in place by setscrews. The jacks and 
setscrews are then covered with a coat- 
ing of silicone rubber. Since the elec- 
trodes in the myocardium must "ride" 
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In these times.. 
every man needs the tremendous coverage, 
engineered precision, And incomparable 
reliability of a hallicrafters. 

S -118 
Short Wave /AM 

Communications Receiver 
495 kc. - 31 Mc. 

plus 185-420 kc. 

$99.95 

1Vhat you can hear: English- language news throughout the 
world Hundreds of foreign stations Radio amateurs 
Marine and aviation communications Local broadcast and 
Conelrad Citizens band Military channels Voice of America 

Foreign languages WWV international time reports 
Continuous aviation weather Civil and emergency frequencies 

Features for best reception: Electrical bandspread for ultra -fine 
tuning BFO for code reception Automatic Noise Limiter 
Slide -rule dial with logging scale headphone jack tuner 
output jack for use with existing audio system Socket 
for emergency or portable use on DC. 

For complete spwrite ecificationsto 
. 

, hallicraliers . . 

Export: Commercial Department, Hallicrafters 
Canada: Gould Sales Company, Montreal, P.O. 

Dept. 14 -A, 5th & Kostner Aves., Chicago 24, III. 

... where the new ideas in communications are born. 

S -120 Communications Re- 
ceiver 569.95 Short wave 
1.6 - 30 Mc. plus AM in four 
bands Electrical band - 

spread Headset jack 
RIO for code Built -in 
speaker SWL whip anten- 
na included. 

CIRCLE NO. 122 ON READER 

SX -110 Communications Re- 
ceiver $169.95 Four bands: 
AM plus 1.6 - 34 Mc. short 
wave Electrical band - 
spread Dial calibrated for 
amateur bands Antenna 
trimmer, "S" meter Crys- 
tal filter, BFO, ANL 7 
tubes plus rectifier. 

SERVICE PAGE 

The 315A is an efficient con- 
verter for non -critical installa- 
tion with home or auto sets. 
Available in two ranges. 26 -54 
or 115 -170 MC. Tunes 12 MC in 
low range 30 MC in high range. 
Specify range. $14.95 

rm + 

315A /T same as above but for use with 
small AC -DC table sets delivers audio. 

$14.95 
Order today or send for free catalog on full line 
of converters and receivers for every application. 

KUHN ELECTRONICS 
CINCINNATI 17, OHIO 

Convert any television to 
sensitive. 

BIG -SCREEN OSCILLOSCOPE 

TECH. 
NICI:,NS. Hf-tS. In1ENT 
ERS. 111!0 an CASTERS. 1 in 

FULL PLANS L. 

RELCO ,Dept.EW- 2.Box10563.Houston18. Tex. 

ENGINEERING\ B.S. DEGREE 

SCIENCE 11 IN 36 MOS. 

tit ;1 
U.S. NEEDS 50,000 NEW ENGINEERS A YEAR! 

h:. \It\ At, ICI »I rr.:: B.S. IEUIU'h: It Science r Engineer. 
illg In J,i a 111b- -, c :lI -roun,l I rogr. ut optional. 

,,,t1, ,,gin,,,in:; diploma, al-so a il:,, lc. ' classes start 
March. June. September. January. QUAI.ITY EDUCATION. 

:nluatas c,II plo, c,l throughout the U.S. and foreign e 
lloserninent retiran training. Students 

.1n a,untrie.. 2 buildings: ,lorms. g }-n, 
,'II:,,, . New liter:,:: and 1a110m tortes. E :mploy:nest help 
-hlc,l. SAVE: TIME AND \INF:I'. Write for catalog 

.i'.1 full Information. 

INDIANA INSTITUTE of TECHNOLOGY 
rnílrgr) 

1608 E. Washington Blvd., Fort Wayne 2, Indiana 
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FREE 
CAREER . 

BOOKLET' , 

!a 
YOUR CAREER 

MSO`E 

to guide you 
to a 
successful future 
in 

ELECTRONICS 
RADIO -TV 
COMPUTERS 
ELECTRICAL 
ENGINEERING 
This interesting pictorial booklet 
tells you how you can prepare for a 
dynamic career as an Electrical En- 
gineer or Engineering Technician in 
many exciting, growing fields: 
MISSILES RADAR RESEARCH 
ELECTRICAL POWER ROCKETRY 

AUTOMATION AVIONICS 
SALES DEVELOPMENT 

Get all the facts about job opportu- 
nities, length of study, courses 
offered, degrees you can earn, 
scholarships, part-time work - as 
well as pictures of the Milwaukee 
School of Engineering's educational 
and recreational facilities. No obli- 
gation - it's yours free. 

MILWAUKEE SCHOOL OF ENGINEERING 

MAIL COUPON TODAY! 
MILWAUKEE SCHOOL OF ENGINEERING 
Dept. EW -23, 1025 N. Milwaukee St. 
Milwaukee, Wisconsin ws -113 

Please send FREE "Your Career" booklet 
I'm interested in Electronics Radio -TV 

Computers Electrical Engineering 
Mechanical Engineering 

(PLEASE PRINT) 
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Address 

City Zone State 
I'm eligible for veteru is education benefits. 

Discharge date 
L. J 
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with the movements of the heart, they 
are subjected to changing mechanical 
forces at a rate of approximately 30,000,- 
000 cycles per year. The possibility of 
mechanical failure of the electrodes and 
lead wires is therefore an important fac- 
tor in pacemaker design. Helical spring 
electrodes withstand material fatigue 
and breakage pressures far in excess of 
normal stresses. The conducting element 
is a continuous coil of platinum -iridium 
alloy of high corrosion resistance. The 
tips of the two electrodes are inserted 
into the left ventricle of the heart, about 
one centimeter apart, and are held in 
place by sutures passing through the 
myocardium. 

Electronic Muscle Activator 
The Theratronic ( Theratran Corp., St. 

Paul, Minn.) muscle stimulator elimi- 
nates the need of a lower leg brace for 
hemiplegic patients. In such patients the 
motor signal from the brain is lost as a 
result of cortical or peripheral nerve 
damage. For this reason, the lower leg 
muscles cannot contract as they should 
during a normal walking- cycle. 

The activator is a pulse generator 
which simulates the missing motor sig- 
nal from the brain, and these pulses are 

Fig. 9. Stimulator is worn on leg and 
is used to cause the leg muscle to contract 
at proper time for near- normal walking. 

applied to electrodes on the patient's leg. 
Turned on and off by at heel switch in the 
shoe, the pulse generator causes contrac- 
tion of the leg muscles at the proper time 
during the walking -cycle. This is illus- 
trated in Fig. 9. As the heel is lifted, 
pressure is removed from the heel switch 
and the pulse generator turns on. Nega- 
tive pulses, adjustable in the range of 20 
to 80 volts, are now applied to the leg 
electrodes. As a result, the foot -lifting 
( dorsi- flexor) muscle is activated to pro- 
duce the lift and carry- through motion 
of the leg. When the foot is set down, 
pressure is again applied to the heel 
switch and the pulse generator turns off. 
This artificial and correctly timed stimu- 
lation of the leg muscle eliminates the 
drag- and -shuffle gait of typical hemi- 
plegic patients. 

The complete muscle activator con- 
sists of the stimulator, battery pack, heel 
switch, pulse -applicator (active) elec- 
trode, and a reference electrode. The 
stimulator and the battery pack interlock 
to provide electrical coupling. This stim- 
ulator- battery assembly is fitted with belt 
loops and is contoured to fit the waist or 
upper leg. Total weight, including the 
electrodes and heel switch, is less than 
one pound. A re- energizer unit is avail- 
able for recharging the nickel- cadmium 
battery pack. Charge life of the battery 
is approximately two weeks on the basis 
of 30 per -cent usage. For safety pur- 
poses, however, it is recommended that 
the battery be charged overnight once 
each week. 

The stimulator output consists of neg- 
ative pulses in the frequency range of 40 
to 60 pulses per second. Pulse amplitude 
is adjustable from 20 to 80 volts, and 
output current is nominally 7 milliam- 
peres. This output is applied to the pa- 
tient through a pair of electrodes. The 
disposable electrodes are neutral colored 
for cosmetic effect and are flexible to 
conform to limb contours. An electrically 
conductive paste is applied to an ab- 
sorbent pad on each electrode for im- 
proved contact. The smaller (active) 
electrode is placed over the motor point 
of the dorsi -flexor muscle, and the larger 
(reference) electrode is positioned over 
the gastrocnemius (calf) portion of the 
leg. These electrodes are held in place 
by an elastic cuff. By means of snap fas- 
teners, the electrodes are connected to 
the stimulator and heel switch. This 
switch is enclosed in rubberized cork that 
can be trimmed to fit into the patient's 
shoe. 

Aside from eliminating the need of a 
leg brace, the muscle activator has two 
important side- effects. It prevents atro- 
phy of the muscle due to prolonged inac- 
tivity and it "re- educates" the muscle so 
that in some cases normal muscular con- 
trol may he restored after a certain pe- 
riod of time. 

Conclusion 
Nearly two centuries have elapsed 

since Calvani's experiments with "animal 
electricity." Medical uses of electrical 
stimulation, however, are only now en- 
tering a phase of intensified research. In 
the field of surgery, for example, doctors 
have long hoped for the development of 
an electrical anesthetic that will be safe, 
quick -acting, and have little or no after- 
effect. Recently, promising results have 
been obtained with a 700 -cps current 
passed through the head. (Editor's Note: 
We are planning an article on electrical 
anesthesia for a forthcoming issue.) Al- 
though future uses of electrical stimula- 
tion are difficult to foresee, it seems cer- 
tain that many startling, curative, and 
life -prolonging techniques will come out 
of current research programs. 
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Electromagnetic Delay Lines 
(Continued from page 49) 

the coding unit, it is necessary to develop 
a synchronizing key or code at the re- 
ceiving end that tvill properly match the 
coded transmission. Fig. 13 shows a de- 
coding circuit tthich utilizes a pulse - 
width discriminator to pass pulses of a 
predetermined width, and reject all nar- 
rower pulses. The input pulse is differ- 
entiated at the grid of Vr, forming a posi- 
tive pip on the leading edge and a nega- 
tive pip on the trailing edge. The pips, 
separated by a time lapse equal to the 
duration of the pulse, are coupled to a 
short -circuited delay line across the grid 
of V., The line is grounded on the other 
end so that a negative reflection of the 
positive pip appears at the grid. If the 
reflection coincides tvith the negative pip 
from the trailing edge of the input pulse, 
a high amplitude negative pip results 
front their summation. The output of V_ 

is coupled to a pulse -forming circuit 
which is heavily biased to eliminate re- 
action to all but the high -amplitude sig- 
nal developed above. 

As the field grows and requirements 
become more stringent, additional types 
of delay lines will be developed for new 
applications. 

REDUCING IMPEDANCE OF 
SURPLUS EARPHONES 

By ART TRAUFFER 

FOlt NUMBER of years this pub - 
liralirng has been rarrying ads of- 

fering surplus 600 -ohm headsets, and 
numerous surplus dealers list them in 
their catalogues. NN'hen it is desired to use 
these headsets in the outputs of short- 
wave or broadcast receivers, the 600 -ohnl 
headsets don't make too good u match 
to the 1 -ohng, 6 -011m, or 8 -ohm see I- 
aries of the output transformers in the 
receivers. 

As shown in Fig. I t. these surplus 
600-ohm headsets can -i -t rsl' t..o 300- 
ohm ts connected ill .cries to give 
600 ohms. If you connect the two 300 - 
ohm in parallel, as shown in Fig. 
113, you will have a headset of 150 ohngs 
impedance, which improves the match to 
the output transformer in your receiver. 

The author has rewired his headset. 
using lightweight rubber or plastic lamp 
cord. l'I -rord tips or spade lugs were 
soldered to the leads as needed. 

Fig. 1. (A) Original series wiring and 
(B) modified parallel wiring. Observe 
polarity when re- wiring the phones. Po- 
larity is correct with maximum bass output. 
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USÉFUL radio books from E. & E. 

"HOW-TO-BUILD" DATA 
- the NEW (16TH EDITION) 

Radio Handbook 

New 

New 

New 

amplifier designs 
transmitter designs 
receivers and transceivers 

Gives extensive, simplified theory. Provides the latest design and con- 
struction data on a wide range of advanced radio amateur equipment, 
attractively styled. Broadest "How -To- Build" coverage in the field. 
Completely revised and up to date. Clearly indexed. 805 pages, all text, 
with hard covers. 

$9.0U 
Book stR 

at your distributor 

1awl. I 

CoNVE T SURI'1,1'ti 
RADIO GEAR 
INTO AMATEUR & 
C. B. EQUIPMENT > A wealth of conversion data 
In 3 volumes shows you how. 

Data includes instructions. photos, and dia- 
grams . . . covers the most commonly available 
surplus items. Each conversion shown yields a 
practical piece of equipment -proved by testing. 
1/..mm rorr rid err !hard bider.. 

SURPLUS RADIO CONVERSION MANUALS - 3 Volumes - 
S3.00' aa. 

VOLUME I - ARCS; BC221, 224, 312. 342. 348. 412. 
453/455. 457/459, 624/625, 645, 696, 9468. I068A/ 
1161A: PE-103A: SCR211. 268/271. 274N, 522. 542. 
TOY; Electronic Surplus Indes; Cross Index of A/N V.T. 
and Commercial Tubes. Book =31S 
VOLUME II - SIC; AM-26; APS13; ARM (Schematic only). 
ARC-5; ART13: ATC; AV112A; BC191, 357. 375. 454. 
455. 457/459. 946B, 1206; GO -9: LM; R.26-27 /ARS: 
R-28 /ARC5: SCR-274N; TA128 /12C: TRW; T23 /ARC5: 
Selenium - Rectifier Power Units: Simplified CoilWinding 
Data; Surplus Beam Rotating Mechanisms. Book =32C 
VOLUME Ill - APN1; ARCS: ART -13: BC191. 312. 
342. 348, 375. 442, 453. 455. 156 to 459, 603, 624. 
696. 1066, 1253: CBY52000 series; COL43065; CRC7; 
DM345: DY-8 or DY-2A /ARR-2: FT241A; LM; MBE; UD- 
7 /ARCS; RM52, 53; R9 /APN4; R28 /ARC5. RT -19/ 
ARC-4: RT -159: SCR-274N series: SCR508. 522. 528. 
538: T.15 to T23 /ARC5: URC4; WE-701-A. Schematics 
only- APAIO; APT -2; APT5; ARR-2; ASB -5: BC-659. 
1335A; CPR- 46AC1. Book =33M 

THE SURPLUS HANDBOOK (Receivers and Transceivers) - 
s3.00' ea. 

VOLUME I - Schematic Diagrams end large photographs 
only - APN -1; APS-13; ARB; ARC-4; ARC-5 (L.F.); ARC-5 
(V H. F.1: ARN -5: ARR-2; 856 -7; BC-222. 312. 314. 342. 
344, 348, 603, 611. 624. 652, 654, 659. 669, 683. 
728. 745. 764. 779. 794. 923, 1000. 1004. 1066, 1206. 
1306. 1335; BC-AR31; CRC -7: DAK -3; GF11; Mark IT 
MN -26: RAI(5: RAL-5; RAX -l; SCR -522: Super Pro; TBY 
TCS; Resistor and Capacitor Color Codes. Cross Indes pl 
A/N V.T. and Commercial Tubes. Book _ 510 

RADIOTELEPHONE 
LICENSE MANUAL 

$5.75* Book 
_03L 

Helps you prepare for all U.S.A. commercial 
radiotelephone operator's license exams. Pro- 
vides complete study -guide questions and answers 
in a single volume. Helps you understand every 
subject needed to obtain an operator's license. 

Every Electronic Tube in the World Listed - 3 Volumes 

WORLD'S RADIO TUBES 
Brans' Radio Tubes Vade Mecum). World's most com- 
plete and authoritative book of !O M# 
v. t. characteristics Book =47B Pa W 
WORLD'S EQUIVALENT TUBES 
(Brans' Equivalent Tubes Vade Mecum). Over eg M# 
43,900 comparisons and replacements (;46W) ',Fumy 

WORLD'S TELEVISION TUBES 
(Brans' Television Tubes Vade Mecum). Characteristics of 
all TV picture and cathode ray tubes ... eCM# 
also special purpose electronic tubes (15P) S6 W 

Order from your favorite electronic puts distributer. 

If hr cannot supply, send us his name and your 
remittance, and rue will supply; foreign, add 10q. 

EDITORS and ENGINEERS, Ltd. 

Ft! 
) 

Summerland 2 Californio 
Nelms, Electronic distributors, order from us 
Bookstores. libraries. newsdealer, order from Baker a 
Taylor, Ndlside. N 1 'part lest. Cenadal, order 
from H M. Snyder Co. . 440 Park Are So , X.Y. 16. 
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OUTPERFORMS SPEAKERS 

COSTING FIVE TIMES MORE 

OR YOUR MONEY BACK! 

the KENT $ 95 
all new... all wood 

only 
An to American Acoustics Ltd. EW 63.2 
129 Maryland Ave., Freeport, New York 
Gentlemen: Enclosed is my check tor S 
Please ship me "Kent" natural wood cabinet 
speakers at $19.95 each. 
I UNDERSTAND THAT THESE SPEAKER SYSTEMS ARE 
GUARANTEED AND IF I AM NOT COMPLETELY SATISFIED 

I MAY RETURN FOR A FULL REFUND WITHIN TEN DAYS 
AFTER RECEIPT. 
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COMPONENTS TOOLS TEST EQUIPMENT HI -FI AUDIO CB HAM COMMUNICATIONS 

New Products 
and Literature 

Additional information on the items 
covered in this section is available 
from the manufacturers. Each item 
is identified by a code number. To 
obtain further details, simply fill in 
the coupon appearing on page 15. 

INDUSTRIAL TUBE TESTER 
1 1 h Hickok Electrical Instrument Company 

I s currently acting a new industrial and 
lahuruury tube tester as the Model 539C. 

Designed to test VR tubes. tory- power thyra- 
trons. 4 -digit industrial type, .i, well as compac- 

Irons, novars. nuvistors, and 10 -pin types. the 
instrument is designed to test tubes to handbook 
specifications with no elements paralleled. 

The tester has provision for separate nun r- 
ing of plate current, through panel terminals 
facilitating matching or balancing of tubes. Non- 
standard tests can be performed using panel 
terminals to give access to grid, plate. cathode, 
and heater circuits. 

TRANSMITTER -TYPE CAPACITORS 
2 Sprague Electric Co. has announced the 

availability of a new tspe of large mica 
n:nnnlinrr ispc capacitor with the introduction 
..I in e1ju laical -body cast designs. 

I he lieu line. "Types 375\I. 380 \I. 3R5\1. and 
are solid impregnant with the capacitor 

element embedded in a block of solid epoxy. 
I his technique stakes them leakproof. eliminates 

All .tit soids. ;Ind makes possible high insulation 
resi -H Ittre. "O', and toltage breakdown param- 
eters. 

ELECTRONIC PHONE SECRETARY 
3 Phone King Company has introduced a new 

attic push -button telephone answering 
machine sshish is full transistorized and weighs 
only 22 pounds. 

!he nets des ate is designed to be plugged into 
:its stuulanl millet for instant use with an tele- 
phone handset. I he unit answers the call with a 

personal greeting and s" ple instructions in the 

100 

owner's voice. records messages of any length in 
precise detail. and plays them back at the touch 
of the button. Special tapes record up to _I 

I s..1 rugged. handsome carrying case permits 
safe and easy handling in the office. on trips. and 
in the honte. 

FLUORINATED CAPACITORS 
4 Cornell- Dubilier Electronics Division has de- 

veloped a new line of disc ceramic capacitors 
which arc fluorinated to allow high -reliability 
operation up to 200 degrees C with no voltage 
iterating. 

The fl inat¡on process increases the maxi- 
mum operating temperature of the capacitor. 
The dielectric. barium titanate. is saturated 
thoroughly with a fl ide and at high tempera- 
tures a solid -state reaction takes place between 
the dielectric and its crystal matrix. the reaction 
of the Iluorinat electrically "hardens -in" ma- 
terial with respect to degradation. The units are 
glass encapsulated and. in addition. have silicone 
tubber jackets. 

SENSITIVE PHOTOCONDUCTOR CELLS 

5 
Sylvania Electric Products Inc. has an- 
nounced the availability of six high- sensi- 

tisity cadutium sulphide photoconductor cells 
for use in industrial control. furnace safety. and 
lighting :pplications. 

The new units are of the T -4 (1/2-inch diam- 
eter) size and offer cell resistance from 7511 

through 16.000 ohms. The cell design features 
true hermetic sealed -in -glass construction and a 

visual indicator that responds if the envelope le- 
cones damaged and moisture enters the compo- 

nent. Back filling of the envelope with hydrogen 
during manufacture provides high dissipation 
and voltage safety factors. 

ENGINEERING DRAWING DUPLICATION 

e 
Copynta , Ina has introduced a new paper 

U which copies engineering thawing' 'imply 
by exposure to ultra -violet light. Called -1'V. 
Uri." the paper needs no 1tnccssing wjilt liquid 
chemicals. gases, or heat to des clop a shall,. 
permanent image. according to the ecaup:nts. 

The paper can be used in all existing diam 
machines of major makes. T he Stec ial coating on 
the paper reacts to ultra- siulei light shining 
through tr :uspaient or translucent originals or 
engineering drawings. Dark lines on originals 
show up white on the paper. 

TV CAMERA KIT 
1 u Craftsmen Instrument Labs. Inc. has intro- 

duced a televis camera in kit form de- 
signed especially for amateur TV stations, remote 
observation of hazardous operations. property 
protection. industrial and educational uses. 

.1lI major parts are pre- assembled on the 
chassis. Included in the kit are easy -to- follow 
step hs step instructions. The basic kit does not 
include the vidicon tube and lens. which are 
asailable as accessory items. 

POCKET MEASURING DEVICE 

o 
l'niscrsal N r' ' g Instruments Corporation 
has recently introduced the 'l'erpetua.' a 

pocket meastiting desire that is mounted in the 
barrel of a pen or pencil. Through a "usindoss- 

on the barrel. the complete. accurate measuring 
result. in inches and 1 + inches. automatically 
appears. In addition to meeting ordinary meas- 
tiring requirements. the unit can he used to 
measure objects of any shape in size or configura- 
tion. 

I he unnpan% plans to market a metric Iel 
of the unit in the neat future. 

THERMAL WIRE STRIPPER 
9 Sentry Electronics, Inc. is now marketing a 

new' thermal wire stripper which the coun- 
panv claims elitninates the nicking of wire dur- 
ing stripping operations. Hull' alit no sharp 
edges nicking the wire as this specially designed 
heating element melts the wire (meting and an- 
neals the inner copper wire. making it e 
flexible and eliminating wire breakage. 

I he unit is available with satiable tempera- 

titres for Teflon, Formsar. Nsclad. sins, or other 
plastic mycrings. The length of the wire to be 
stripped can also be regulated for pnxluc 
tripping 

10 

TRANSISTORIZED TV CAMERAS 
(.,,tord Electric C pally is trocs in produc- 
tion on two compact transistorizcxl television 

capteras which have been developed for medium- 
priced dosed- circuit TV systems. 

The single -unit vidicon cameras. types TE -I4 
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and TE -I3, are available in ten different models. 
They will meet a wide range of applications in 
commercial, industrial, defense, medical. and 
educational use. 

The circuits are completely transistorized with 
the exceptilln of the vidicon pickup tube and a 
single subminiature tube in the videur input sec. 
lion. Complete specifications are available from 
the pant. 

LOG- PERIODIC ANTENNAS 

11 
JFD Ele mics 

seri 
Ces orlwralinth on has rec ntis 

intnxluced tf I'\' antenna. 
which offer high gain. sharp iiirectisity. and cisn- 
stauit impedance across the complete v.11.1. 'I V 
and F \I bands. 

Based on the log -periodic principle developed 
by scientists at the l'nitersitt of Illinois and 
adapted tor TV by the manufacturer. the new 
"LPV antennas tnnsist of an array of resonant "\" dipoles interconnected by transposed phas- 
ing halt messes. constituting a series of "cells." The 
size of each cell differs from the one before it by 
a luig:iiithinie factor. Impedance is constant ir- 
respective of frequency. 

12 

HI -FI -AUDIO PRODUCTS 

MULTIPLEX SIGNAL GENERATOR 
Precision Apparatus Cu., Itut Ii.I .i I l Iiutlnccd 
the addition of a stereo multiples signal 

generator tu its line of test equipment. 
The \ItKlcl E -1911 is designed for rapid align- 

ment and complete testing of the multiples tir 
euitry in all I'M stereo receivers and multiple 
adapters. Ch: 1 separation, channel balance, 
.clic pull -in and hold -in range can easily be 
measured and adjusted. The controls pros iule for 

..o 

generating the Id C.pecified 1E \( multiplex sig- 
nal. A self- cotuaincd I -ke. audit oscillator, or an 
external audio generator. may be switched to 
generate: left only. right only, and stun or dif- 
ference signals. The pilot signal can be switched 
on or oft. independent of the composite dula- 
t ion. 

INTEGRATED TUNER/ AMP 

13 
Bogen C rations Division has recently 
intrrxluced the Model RP2 :lO, a 30.watt F\Í- 

AM integrated stereo tuner /amplifier. 
Frequency response is 20- 20.000 cps 4- 1 db 

and FM sensitivity is .85 µv. for 20 db of quiet- 
ing. The unit features the company's "Stereo- 
Minder" indicator which lights when the station 
is broadcasting in FM stereo, electronic -eye tun- 

The "heart" of the SONY MICRO-TV 
To the expert, the heart of the 8 Ib. SONY 

Micro -TV is a pair of snap-out circuit boards 
on which practically all components are 
mounted. Service is obviously far, far sim- 
pler than with conventional sets. Not only 
simpler. but less frequent, since the SONY 

components operate at considerably less 

than rated capacity, and transistors (Micro - 
TV has 25) normally last indefinitely. Other 
outstanding firsts include the use of epi- 

taxial power transistors, a 70° picture tube 
that is viewed from arm's length, and exclu- 
sive "Synchro -Noise Suppressor" circuit that 
rejects electrical noise. and a choice three - 

way operation: its own rechargeable battery 
pack, 12v auto boat system and AC. $229.95. 
Rechargeable battery, accessories extra. 

RESEARCH MAKES THE DIFFERENCE 

For more information on the SONY Micro -TV write to: 
SONY CORPORATION OF AMERICA 580 Fifth Avenue, New York 36, N.Y. 
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STARTING 
III Gil STARTED RIGHT by lmg 

for FREE 8 page catalog illus- 
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SERVICE ? tally for TV -Radio Service. 

ON SALE AT YOUR PARTS JOBBER 

is 0elrich Publications 4308 N. Milwaukee Chicago 41. III. J 

&ARVIN TV 
SERVICEMEN! 

Write for SENSATIONAL CATALOG 

HENSHAW RADIO SUPPLY 
3619 TROOST KANSAS CITY, MO. 

BC -221 FREQUENCY METER. 
"LIKE NEW" wit), Original Canto. $69.50 Nook and t'Itl`.STAL checket) out Only 
B C -221 same as above 

50 WITH MODULATION checked out ONLY 

B C- 455 -6 -9.1 Me Receiver ........... 9.95 
AN /APN -9 LORAN Receiver- IndlCator with 

24 VD.' tne, -rter Checked l n t. ex,'. .. 124.95 
AN /APN -4B LORAN ReCelver- Indicator with .,a s-nc Inverter. t /picked . ra, 89.50 
AN 'APR -4 38.2200 MC Receiver 

359,50 -t Tuning Unit.. Excellent 
MAGNESYN COMPASS SYSTEM COMPLETE. 

Rennte reading for plane or boat. Excellent 24.95 condition. with Manual 
ARC3 Transmitter 100.136 Mt-AM....... 14.95 
ARR2 Receiver-II Tubes. with CB Comer. 6.95 

Send Money Order or Check with Order 
Write for Latest Flyer -LOADS OF BARGAINS, 

R W ELECTRONICS 
2430 S. Michigan Avenue Dept. EW 
Phone: CAlumet 5 -1281 Chicago 16. 111. 
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YOU 
SAVE 
MONEY! 

RUSH US YOUR 

LIST OF HI -FI 
COMPONENTS 
FOR A SPECIAL 
QUOTATION 
WRITE FOR FREE 

AUDIO DISCOUNT 

CATALOG A -15 

New low prices on amplifiers, tun- 

ers, tape recorders, speakers, etc. 

KEY 
ELECTRONICS CO. 
120 LIBERTY STREET 
NEW YORK 6, N.Y. 

CIRCLE NO. 124 ON READER SERVICE PAGE 

1010 NM/ 

tirb FREE 

ANN RIO -I 
Fill in coupon for a FREE One Year Sub 
scription to OLSON ELECTRONICS Fan- 
tastic Bargain Packed Catalog -Unheard 
of LOW, LOW. DISCOUNT PRICES on 
Brand Name Speakers. Changers, Tubes. 
Tools, Hi -Firs, Stereo Amps, Tuners and 
thousands of other Electronic Bargains. 
Credit plan available. 

NAME 

ADDRESS 

CITY ZONE -STATE 
Llf you have a friend interested in elevtronn.s 
send his name and address for a FREE. sub- 
scription also. 

OLSON ELECTRONICS, INC. 

638 S. Forge St., Akron 8, Ohio 
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ing, special tape recorder filter which eliminates 
beeps and whistles when recording o8 the air. 
and a brushed-gold panel. \ walnut or metal 
enclosure is available at estta cost. 

14 

STEREO TAPE RECORDER 
Roberts Electronics, Int. has added the 
lodcl 1057 stereo tape i icier to its line 

of new units for 1963. 
The new instrument offers four -track stereo 

and nomo play. sound -on -sound recording in 

stereo, sound- with -sound. and sound-ovcrsouncl- 
inicrophonc. and radio -phono mixing. 

Other features include dual extended range 
stereo speakers. dual self-contained stereo power 
amplifiers. two easy -to -read su meters for each 
channel. separate record buttons for each chan 
nel with record safety lock. preantp outputs. 
four stereo outputs. three -position speaker 
switch, automatic shut -of. edit lever. index 
counter, and automatic lape lifters. 'Fape speeds 
are 3.75 and 7.5 ips. A 15-ips accessory kit is 

available at no extra cost. 

AUDIO AMPLIFIER MODULE 

15 
Saxton Products Co. is handling the U.S. dis - 
tail of the "\lily- Amp." a palm -sized 

2 watt atplifier for a variety of audio applica- 
t ions. 

Frequency response is 20- I5.1)00 cps + 2 db 
at the I watt level. Input voltage required to 
drive to full power is .5 volt while the input 
impedance is -L. ohms to 10.1)no oluns. Output 
impedances of 3.2 to 45 ohms can be handled. 
Power requirements are li to 12 volts at :1111) to 

1 

V. 
...r y 

700 ma. Current is determined by the impedance 
of the voice coil. 

The completely encapsulated unit measures 
2" x 31/2" x 7/13" and weighs 6 ounces. 

MOBILE TV AUDIO PICKUP 

1 

The \lohilSound Corporat is now mar - 
o Leung a mobile I \ :radio monitor which 

pcnnits the audio portion of all v.h.f. TV pro- 
grams to be received on the .1 11 car radio. 

Designed primarily for television station per - 
sonel, advertsing agency men. and those in the 
entertainment business. this unit can also be 

used by laymen who hate to miss favorite TV 
programs just because they are away front their 
sets. 

The "AudioMonitor" is transistorized, com- 
pact. and easy to install. It is designed to be used 
with 12 -volt negative -ground automotive syst- 

terns but can be used with other 12 -volt systems 
by making a minor modification. Current drain 
is 1.4 amps at 12.6 volts. It measures 6" x 4" x 7 ". 

INTEGRATED STEREO TUNER /AMP 

11 
Kellwood Electr s is handling the distri- 
bution of a new integrated stereo tuner/ 

amplifier which is rated al 20 watts per channel 
at less than l'7 (harmonic distortion. 

l'he Model h \\ -10 will handle AM, FM. and 

"'W / 1/ 1/111 
Ill uuno,,,,rAt .,,,,o,,.,,. 

e 
0: _.._. 

FM multiplex program material and requires 
only the addition of a pair of speakers to func- 
tion. The control center has inputs for a low - 
level magnetic stereo phono cartridge( as well as 

for high -level ceramic or crystal stereo cartridge) 
and provides RIAA phono equalization. 

BUDGET- PRICED SPEAKER 
10 Electro-%oue, Ira. has added a new budget - 

o priced loudspeaker to its line of components 
as the \ICH. 

The first model in the firm's new "Michigan" 
line. the speaker features extra -slim styling, rug- 
ged die -cast frame. and edgewise -wound voice 
coil that provides 18% more efficiency than ordi- 
nary coils. Frequency response is 50- I3.11(1(1 cps 
and the speaker will handle 12 watts program 
and 24 watts peak. 

TRANSISTORIZED TAPE RECORDER 

in 
North tmyritan Philips (: pan), Inc. is 

now offering its "Continental 401." a four - 
nark stereo rec'icl and playback tape recorder. 
completely tr:uristorized, and featuring a new 

-ai 
Vma' I ) .. 

fourth speed of I-, /Iii inch per second for up to 
32 hours of recording on a standard 7" reel. 

The circuit incorporates four A(:107 transistors 
in its preamplifiers. A special magnetic head 
with a gap of only 0.0001 inch is said to be re- 
sponsible for the extended high -frequency re- 
sponse of the unit even at lower speeds. Fre- 
quency response ± 3 db is: 60- 111.0111) cps at 
7I,- ips: 60- 14.1)00 cps at :13/4 ips: 60- 10.000 cps at 
174 ips: and 60 -4100 cps at 15/16 ips. 

20 

TRANSISTORIZED STEREO AMP 
Allied Radio Corp. is now offering a new 
easy -to- assemble. 32 -watt transistorized stereo 

amplifier as its 'knight -Kit" KG -3211. 

\\'sighing only 7 pounds. the new amplifier 

fuses 14 transistors and 4 diodes. The trait has 
direct- coupled output with no output trans- 
formers or blocking capacitors. A special feature 
is the thermal feedback circuit which protects the 
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IF YOU LIKE 

DO- IT- YOURSELF 

PROJECTS - 
here's a publication 
that's full of them! 

T.T2 
ELECTRONIC 

EXPERIMENTER'S 
HANDBOOK 

In the 1963 edition, you can choose 
from dozens of projects like these: 

Code Practice Oscillator 
Two -watt Stereo System 
Sound -Actuated Switch 
Neon Bulb Electroscope 
Transistor Tester Tests All 
Automatic Diode Checker 

The 1963 ELECTRONIC EXPERI- 
MENTER'S HANDBOOK is complete 
with detailed charts, circuit dia- 
grams and photos. And there's a 
special 14 -page feature on electron- 
ics schools covering everything from 
training to career possibilities. 

Now on sale at your favorite news- 
stand or electronic parts store - or 
order below with the handy coupon. 
Only $1.00. 
r 

L 

Retail Sales Division 
Ziff -Davis Publishing Co. 
Dept. SD 
One Park Avenue 
New York 16, New York 
Please send me a copy of the 1963 
ELECTRONIC EXPERIMENTER'S 
HANDBOOK. I enclose $1.00, the 
cost of the HANDBOOK, plus 100 
to cover mailing and handling 
charges. 

EW 23 

NAME 

ADDRESS 

CITY 

ZONE_STATE 
(add 3% sales tax if N.Y.C. resident) 

output transistors from overload. acts as a fuse 
device for speakers, and helps to maintain circuit 
stability. 

The amplifier has five pairs of stereo inputs 
including tape head; separate ganged bass and 
treble controls; printed -circuit construction; tape 
recorder outputs; two switched a.c. outlets; and 
stereo -mono switch. 

21 

WATERPROOF SPEAKERS 
Raton Loudspeakers, Inc. has recently intro- 
duced two new loudspeaker models, the RL- 

10T and RO-25T. Exclusive features include a 

builtin line -matching transformer, molded Bake- 
lite waterproof shielded terminal block in which 

the transformer leads terminate. and immediate 
external choice of all impedance and power taps. 
The transformers used with these models are 
designed for the newer 25 -volt lines as well as 

for the more usual 70 -volt and constant- imped- 
ance lines. Detailed specifications are available 
on request. 

24 -WATT STEREO AMP 

22 
Lafayette Radio Electronics Corporation i. 

currently introducing its Model LA -224%) X 
24 -watt stereo amplifier, a moderately priced unit. 

The new amplifier features a full range of 
control facilities, power output of 12 watts per 
channel, frequency response of 20.100.000 cps 

± 1 (lb at I watt; harmonic distortion of less 
than I% at 12 watts; and hum and noise -.56 

db on magnetic phono and -73 db on tuner. 
The rear panel has a speaker impedance switch 

(8 or 16 ohms). hum adjust, and a.c. convenience 
outlet. The unit measures 121/4" x Skia" x 81f2" 
and is housed in a low silhouette cabinet. 

23 

CB- HAM -COMMUNICATIONS 

ANTENNA FOR MOBILE CB 
The tutenna Specialists Co. i, now on the 
market with a new CB antenna which is 

being offered in cowl, deck, fender- mount, and 
trunk -monist versions. 

The "Black Beauty" antenna features solid 
black Fiberglas sleeving which is specially proc- 
essed to eliminate brittleness and cracking. The 
process also eliminates mottling and graying even 
after long service. The unit is center -loaded and 
is only 48" high. Mounting for the unit is sup- 
plied in contrasting chrome and black. 

24 

TRANSISTORIZED TWO -WAY RADIO 
It(:.t )labile Conununitation I'ruducts has 
recently introduced the "Super- Carfone.' a 

two -way unit which is being offered in '30- and 
60 -watt versions. 

(Continued on page 108) 

New AEC 77 

TRANSISTORIZED 
ELECTRONIC IGNITION 

Increases power up to 10% ... assures 
fast starts at low end ... full power at 
high rpm ... up to 20% more mpg ... 
prevents fouled plugs ... increases spark 
plug life 3 to 5 times over normal ... in- 
sures 75,000 mile point life ... gives in- 
stant starting in sub -zero weather . . . 

eliminates frequent tune -ups ... simple 
20 minute installation by anyone ... cures 
ignition problems ... MOBILE RADIO IG- 
NITION INTERFERENCE REDUCED 50 %. 

In conventional ignition systems, high volt- 
age at the spark plugs, falls off over 5O',ó as 
engine speeds increase. The result is a weak 
spark causing incomplete combustion. loss 
of power. fouled plugs and poor gas mile- 
age. The rugged AEC 77 electronic ignition 
increases and maintains maximum high 
voltage output at the spark plugs with no 
high voltage fall off at any speed. Its hot 
spark guarantees more efficient combustion, 
delivers full engine power at over 7,500 
rpm with up to 20' more mpg. 
WORLD CHAMPION 
RACING DRIVER PHIL 
HILL USES AEC 77... 
REPORTS- 

"AEC 77's strong spark 
can make up for a multi- 
tude of little sins, such as 
worn points or improperly 
gapped spark plugs. It will 
make your car run 
smoother, particularly at the low end and 
teilt appreciably improve its performance 
and economy." 
Every AEC unit uses high quality compo- 
nents such as Delco high voltage 15 ampere 
transistors and Motorola 50 watt zener di- 
odes ... while others use two low voltage 
transistors in series with two 1 watt zener 
diodes. Every AEC Ignition coil is wound 
with Formvar insulated wire, oil impreg- 
nated and hermetically sealed for maximum 
insulation and cooling ... while others use 
enamel insulation in a tar filled coil that 
cannot handle the power AEC 77 delivers. 
Proven in over 2,000,000 miles of testing, 
AEC 77 is so dependable in performance de- 
sign and engineering, that every unit is reg- 
istered and GUARANTEED FOR 3 FULL 
YEARS. 

COMPLETE DO IT YOURSELF KIT! 
AEC K4 Negative ground only $32.95 

NEED COILS ONLY & BALLAST RESISTORS? 
400:1 Coil (1.3mh. primary) $11.95 
Ballast resistor .5 ohm 75 watt $ 1.25 

FACTORY WIRED UNITS, COMPLETE 
AEC 77 with 400:1 coil, 6/12v $39.95 
AEC 77 P (British cars only), 6/12v $59.95 

ORDER NOW 
Please add 75e for postage and handling. 

25'; deposit on COD's. 

AEC ELECTRONICS, 387 Park Ave. S., N.Y. 
Industrial and Commercial inquiries invited 

AUTOMOTIVE ELECTRONICS CO. 
387 Park Ave. So., N.Y. 16, N.Y. 

Please Send Me 

NAME . 

ADDRESS 

1 Free Brochure on AEC units EW 2 

CIRCLE NO. 103 ON READER SERVICE PAGE 
February, 1963 103 
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you can have 

a career like 

this in 

space age 

electronics 

Take the first step today -send 
for free book that shows you how 

CREI can help you take advantage 
of today's opportunities. 

JUST A FEW YEARS AGO Robert N. Welch had a 
routine job in electronics. He realized that progress was 
impossible without practical and up -to -date knowledge 
of advanced electronic engineering technology. Deter- 
mined to prepare himself to meet industry requirements 
for career opportunities, he enrolled in a CREI Home 
Study Program. Today he is a Philco Corp. engineer 
with a responsible assignment in space age electronics 
at Vandenberg Air Force Base, launching site for inter- 
continental ballistic missiles. 

YOU HAVE THE SAME OPPORTUNITY. CREI offers 
you, for study at home, a complete program in electronic 
engineering technology designed to equip you with the 
practical knowledge of electronic developments required 

SUPERVISING A FREQUENCY MEASUREMENT 
Measurement Equipment Laboratory at Vandenberg Air Force 
Base is CREI grad Robert N. Welch. He is a Philco TechRep 
Engineer and a Section Leader in the Laboratory. 

in the Precision 

for well -paying positions and put you on the level of 
specialization where men are most in demand. 

YOU WILL FOLLOW THE FOOTSTEPS of the thou- 
sands of CREI men who hold positions as associate 
engineers, engineering aides, field engineers, project 
engineers and technical representatives. They work in 
every area of electronics from manufacturing to research 
in the aero -space program. 

YOU CHOOSE FROM PROGRAMS covering every im- 
portant field of electronics: 

SERVOMECHANISMS INSTRUMENTATION RADAR 

COMPUTERS AERONAUTICAL AND NAVIGATIONAL 
COMMUNICATIONS AERO -SPACE TELEVISION 

AUTOMATION AND INDUSTRIAL ENGINEERING TECHNOLOGY 
NUCLEAR ENGINEERING TECHNOLOGY 
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MR. WELCH PARTICIPATES in a technical discussion with Charles 
R. Browning, Contract Manager, and Burl W. Bowman, Elec- 
trical Calibration and Repair Supervisor, in the Laboratory 
which Philco Corp. operates under contract to the Air Force. 

MR. WELCH HAS ENJOYED promotions from Technician to 
Junior Engineer to Engineer since he enrolled in a CREI Pro- 
gram. Here he is greeted by his family as he returns to his pleasant 
home in Santa Maria, California at the end of the day. 

YOU ARE GUIDED and assisted with personal attention 
from CREI's staff of experienced instructors. You 
study courses to which a number of leading engineers 
and scientists have made substantial contributions. 

CREI EDUCATION IS RECOGNIZED by such large 
corporations as Pan American Airways, Federal Electric 
Corp., The Martin Co., Canadian Broadcasting Co. 
and Mackay Radio. They pay all or part of CREI 
tuition for their employees. 

CREI HAS 35 YEARS OF EXPERIENCE in advanced 
technical education through home study. CREI has 
developed electronics courses for the Army Signal 
Corps, special radio technician courses for the Navy and 
group training programs for leading aviation and 
electronics companies. CREI also maintains a Residence 

CALIBRATION OF PRECISION MEASURING EQUIPMENT used in 
the missile program is perforated in :11r. Welch's section of the 
Laboratory. He is shown making an adjustment on the oscillator 
which is used as a frequency standard in this important task. 

HIS FAMILY SHARES IN THE REWARDS Mr. Welch has gained 
with the help of a CREI Home Study Program in Electronic 
Engineering Technology. He is shown reviewing the day's events 
with his wife JoAnn, and his children, Jeff and Lynn. 

School in Washington, D. C. and invites inquiries 
from high school graduates. 

YOU CAN QUALIFY for a CREI Correspondence Pro- 
gram, if you have basic knowledge of radio or electronics 
and are a high school graduate or the equivalent. 
If you meet these qualifications, send for the FREE 
1963 edition of our 58 -page book describing CREI 
Programs and career opportunities in electronics. Use 
coupon provided, or write to: 

v F R ©© FOUNDED 1927 

v c I/ } THE CAPITOL RADIO ENGINEERING INSTITUTE ? Department 1102 -A, 3224 Sixteenth St., N.W. tiiE^P5P Washington 10, D. C. 
#39 
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CINAUDAFLEX 

'eF 

HIGH COMPLIANCE 

WOOFERS 

II _' _ 
roa ew lec set 

Cinaudagraph 6, 8, 10, and twelve - 
inch high compliance woofers are de- 
signed for extended bass "low effi- 
ciency" applications. Long voice -coil 
winding "Cinaudaflex" single roll 
ultra -compliant suspension, and 
treated graded- density cones. Bal- 
anced response between bass, and 
mid -range assures perfect match to 
electrostatic or top quality direct - 
radiator tweeters. 

The middle -range output and bass 
damping of these woofers is precisely 
matched to provide extended low 
distortion bass in compact enclosures 

. at significant price savings. Write 
for complete data sheets, for Cinau- 
dagraph woofers. tweeters. and com- 
patible cross -over networks. 

CINAUDAGRAPH ACOUSTICAL LABS 

A DIVISION OF 
CINAUDAGRAPH, INC. 

7334 N. CLARK ST. CHICAGO 26, ILLINOIS 

CIRCLE NO. 156 ON READER SERVICE CARD 

t:MBLE 
IT At 

freet0n 

on thés 

world t hoPPles 

hobby 

ELECTRONIC ORGAN KITS 
Io. home, school, Church. Clubs. 

I be fhiOn,d "Bu ild/-if- Y'ofnTelf' Organ 
xmudr like a ,KGmdL pipe m an 

Anyone Can Do It! Here's What You Get 

C 
M..a t CouV Tuor Grn...ru To.. Cha Ne s. r.o. r . a. COnwi. 

Mar coupon below. and receive absolutely FREE 
complete information on Artisans ne :. 1963 Organ- Build- 
ing Kit! Illustrated Instructions lead you through every step ' 

of this happy hobby. as you assemble al -home a magndh 
cent custom Artisan electronic organ - the best in tone 
and styling' No technical skill required. and you save up 
to 70 of comparable readbwlt organ costs by skipping 
dealer profits and factory labor! You can play as you build 
end pay as you build. From 51750 to $7500. Write today! I 

'ARTISAN ORGANS 2476L N.Lake Ave.,Altadena.Calif.l 
, , 
I -J 
I I 

USE YOUR CAR RADIO AERIAL FOR C.B. TOO! 

Long Unsightly Expensive Whips Nos Needed! 
¡Ii'I.F:x} :IC GIVES SAME Olt RET'TF.R !IAN... 
LIN ANY t- ITt /.FANS RANI/ RADIO :tue u irk. 
011 ngul,r ear rn,llo 't 'i time without 
Inns or interference! INSTALLS IN 5 t1IN- 
UTF:SI Inclwleh ela{np -on bane loading 
Il I.Q Coll, efficient xhlcld211 series lulled 
dlplexing circuit with r Ide. and dugs. 
.lust plug in and talk. NET USERS T'RIC'E 
SILOS c mplete poetpald- ORDER DIRECT. 

FolIr distributor o write for CIll ular. 
tittat its N'rt'F:n l'F :RF)R \I \NI'E. 

WESTERN RADIO Dept. CEW -2 KEARNEY, NEBR. 
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(Continued from page 103) 

The new model utilizes all- transistor receiver 
and power supply circuits plus max tran- 
sisioliy:tion in the u'ansntiner. One especially 
tontcnirmi lcaturc is "instant transmission" 
I' hich enables the user to hast immediate tom- 

'alios. I he tr :nlsmittcr IS ¡u nnaII oil but 
automatically switches to full -power transmit 
will delay when the microphone is removed 
troll] its hang -up clip. 

The is housed in a pact. functionally 
soled case that permits install: in a wide 
I tinge of vehicle locations and nuxlular design 
which provides easy access to circuits and com- 
ponents for inspection and scisicing. 

25 

HAND -HELD RADIO 
Allied Radio Corpora has introduced a 

low -cost. lote -power all - transistor two -Wray 

Unit for a variety of short-range annnnnuications 
applications. 

1 he "knight -Ait" C -11111 is powered by a stand- 
ass! !1 -volt miniature battery and features a 

rugged 3- transistor circuit. The transceiver. which 
has a built -in 2" speaker. is about twice the size 

of a pack of cigarettes and neighs only 9 es. 

It is I sed in a high -impact blue plastic case. 

Range is about a quarter of a mile. No license is 

required 

HELICAL ANTENNA 

26 
Technical Appliance Corp. is now offering 

o a six -turn helical antenna designed for tele- 
metry applications in the frequency range from 
Itld to I:hì nlc. 

I his antcuna. tshith will also prosidt toselage 
Irum !NI to 1 111 inc.. has a 3" o.d. aluminum shaft 
which alhsrr to a li -foul di:uneter ground plane 
by means ill a flange. I he radiating helix is 

supported soul tilt shalt by Fiberglas imo ilatclts 
and iiiuliu :nes in a dielectric housing mounted 
to the shall. (connection is with an 11(..7/I' cable 
to a panel Icrein:ole located on the wound plane. 

MOBILE TRANSCEIVER 

21 Brow 
' g Laboratorio. Inc. is nosy market - 

ing a nest nobile (:11 IranstC irti. the \lodel 
\I-l21. 'I he unit features 21.thamiel operation 
Its means of a ch:uulei- selector snitch. I be Itans- 
ceiscr nee es K" x :t" x !I" and can be used in 
cars. Ixlats, and other schicics. 

.- \ccr..rnies feu the \Indcl \I ",1° in( hide a 

trau.i.lrrlücd "S" metei with illuulinaul dial. 
rear -dtcL speaker kit. and a.c. power supply for 
bac -star ion 1111)1 Cal 11h15, 

28 

TUBE FOR MOBILE GEAR 
RC.\ Electron Tithe Division has intlollu<cd 
a hills beam poste' tube ttilII "d.uL heater" 

for un,bile comnlunilations and :un:ttilh ladin 
transnlittiug applications. 

Designated the R(:A- 8032. the tube Lowy be 

used IS an LI. putter amplifier and oscillator as 

well as .nl a.f. power amplifies and modulator in 
both mobile and lived equipment. It contains a 

I :L :1 -soli heater that can be °pelmet' on a.c. or 
d.c. 

The new tube presides 711 waits c.w. output 
(1(:AS) at till nec. and 15 trans c.w. output 11(:.%s) 

at 17,1 Inc. 

CB TRANSCEIVER 

29 
Ctiea C allons Corp. is now mall Let- 

t ing a new ('lt n :unccitcl. flit '1 C 11. 

which features lì- channel cistal-tuturolled trans. 
nuit and receive. plus manual tuning of all CD 

channels. 11sl Ii.nlsnlitling Crystal socket is con - 

venicntl located on the front panel. 
T he dual-couttrsion super het has a high gain 

stage for lllaxillltllll sensitivity providing equal 
response on all 22 channels. I he universal power 
supply provides ti volts d.c.. I2 vols 
I 10 vols a.c. for I:st nansfcr ;ruin cr or twat 
tu home or office. I he unit features a calibrated 
"S" meter with output power modulation indi- 
cator and auxiliary speaker terminal. The (r: u s- 

eciser is supplied with one set of crystals. 

CB TRANSCEIVER 

30 
GloleGC Elehe 

\fastctronics 

C It Itas remntly 
intoduced t "Globe au all -new 

deluxe CIS rlulsceittr unit. 
The Hess' model was designed to meet rigid CB 

requirements of the prnspectise commercial user 

as well as the boner of (:B for marine. home, 

and per al use. 1 here are eleven crsstal -con- 

trolled channels for transmitting. using f la- 

menial Hite crystals. The recessing end features 
it dual -cooler superhet with a choice of eleven 

l conuoiled channels or ttunable oser all 22 

ILnutcl. 
11111 lethuica1 specifications aie atailable from 

for In.ululacturer. 

31 

U.H.F. MOBILE RADIO 
C. 'at' s C pains. Ins. has added 

a new u.h.f. A \I rttcl-ssas mobile ladiu lu ins 

line of c aliols equipment. 
'I he Model 500 is designed (or ulilit:nv airport 

%chides requiring soice communications with 
Conn ol totters and plant in the skinks of the 

airport. It is designed for single frequents trsslal- 
connollts1 operation in the ntililals rlulgt of 

2222] to 1(111 mc. -I he mobile Los aiipoit %c- 

hicles can be used interehangeabls on sChilies 

has ing li. 12. or 21 'Colt batters 55.11 nl. 
I ht unit consists of tr:mslnittl /Hick er /power 

supply chassis and case. remote untllul head. 

ELECTRONICS WORLD 
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speaker assembly. military -type microphone, an- 
tenna. plus all necessary hardware and cabling 
lot %chiale instalLititnl. 

32 

CB UNIT FOR MARINE USE 
Raytheon C pans is now offering a IO- 
channel CB unit, the "RONcoto 11." which 

has been especially designed fut m u ins use. 
I he circuit features ;lumina! i. i dino t"nuol. 

a squelch circuit. and p. r l lieh t.. si, r.iI is h, n 

power is on and when the transmitter is operat- 
ing. 'I he mw (:B unit is designed to "Innate from 
either 12 colts etc. or II snits a.c. 

It is coulpau and tonies complete wilts bracket 
for bulkhead mounting. 

SIX -CHANNEL CB UNIT 

33 
DcWald Radio has added \Iodr I R -loin 
to its line of equipment fir (.II seisitt. 

I lie lien. Uans(riseu- cowl., a nusislor front 

end for low nuise. It also features a push -t" -talk 
ceramic microphone. adjustable squelch. and full 
noise limiter. t he unit «onus complete with ce. 
r; microphone. I tu-insnlirrirr and I fetch- 
ing ers 'IA. as wall as a unit i..il Ispu mobile 

g bra Let. 

MANUFACTURERS' LITERATURE 

INDUSTRIAL COMPONENTS 

34 NeNark 
Elect ' s Corpora ' has issued 

.t 311-page cal Moque rustling an r,trn sise 
line of clecinuu( Iuupi.11rnt Inn the i IrI1151lial 
market. 

A complete product indu plus a sep : note 
listing of nlanufacuners whose produt is art. 
handled Its the distributor make the catalogue 
especially ustlul. (lie intimation which will un- 
doubtedly pure popular is the printing of stotL 
numbers and mites of the s i r ims items in bold 
fare ty pe. .t his is helpful is heu ( het king tabu- 
lated listings with s:uiiuus model numbers. 

35 

"SOLID CIRCUIT" NETWORKS 
Tcvas Instruments Interposed has just 
published an n.lri e I n , . bore which e\plains 

its new "Master Slice design approach to the 
production id utonunür :ul cuttinii /tut semi( oil., 

ncniurks. 
l he bulletin s product Cc:Mites. design 

procedures. network flexibility. and typical vari- 
ations possible with "NI:aster Slice." 

ADJUSTABLE SPEED CONTROLS 

36 
Ve Truil Engineering. Inc. is ollering copies 
of l echnical Paper \ 1 -P -2 entitled "Verso- 

hie Adjustable Speed S(:R Shunt Stator I)rises' 
nniincn by its engineering stall. 

Some ten circuits for motor control together 
with pl('te technical information on how to 
utilize them, both for adjustable speed control 
and for programmed speed tuntrol are gisen. 
using Sprague- VecTrol gate- drisen silicon con- 
trolled rectifiers. 

31 

STOCK POWER RESISTORS 
Ward Leonard Electric Co. has published :ut 
8-page, 2 -color catalogue describing its coin. 

plcit line of stork ' Vinnhln' vitreous enamel 
5%ircwuund pullet -hpe resistors fur &'lc(-ir 
and industrial :giplic:tiuns. 

Catalogue 1)1111 lists the ittun. price, and di- 
mensions on eight It Pt' of posse'. resistors 
including :rial 1111. 1.1 chi. adjustably ship. (list. 
plaque. non- in(lurlise. :nid intermittent thus. 
\looming hardware data is also int hided. 

TEST EQUIPMENT CATALOGUE 
The Ttiplcti I.Iturii il Instinunent Co. has 
published .i ("misc. 8-page catalogue which 

lists i major it, un of test equipment and their 
allot tatted accessories. Included art- s.i.111.'s 

tube and transistor anal\ ire s. and 
mans 11111cr instruments for the prulessioual Ott 

I niait 111.111. 

Phonographs and plue detailed sperilita- 
tions :utomp:ins each major item listed. 

38 
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DATA ON TEST EQUIPMENT 
Precision Apparatus Co., Inc. has issued a 
?II -page booklet schirh !mulch:. complete de- 

tails on a full line of test equipment. 
In addition to specificat' and pi ices. there 

ale photographs and special feature listings on 

The next microphone you buy 
should be a Turner .. . 

... partly because Turner microphones work better and last longer. ... partly because they are specially designed for convenience in specific jobs. ... but mainly because you get more microphone for your money in a Turner. 

TURNER 

404 FOR 

STUDIO 

QUALITY 

Typical of Turner microphone 
value is this studio quality dynamic 
microphone, priced for home re- 
cording budgets. You'll find the 404 
delivers noticeably improved sound 
reproduction in either voice or mu- 
sic recording. Response: 50- 13,000 
cps; Output -60 db, combination 
impedance, line shorting, recessed 
switch. For complete technical 
specifications, mail coupon Or use 
reader service card. Well send you 
the Turner value story on these 
three microphones as fast as the 
mail will carry it. 

February, 1963 

TURNER 350C 

FOR CB 

AND MOBILE 

CB'ers and hams have remarked 
about this remarkable mobile mi- 
crophone, "Why pay more when 
the 350C is available ?" No wonder 
the 350C is the most popular mi- 
crophone in CB . used as orig- 
inal equipment with more trans- 
ceivers than any other microphone. 
Response: 80 -7000 cps; Output -54 
db. List price $16.80. Mail coupon 
for complete specs. 

r 

TURNER 80 

FOR HAND, 
STAND OR DESK 

Beauty in design plus operational 
dependability made the slender, 
graceful Turner 80 one of the most 
popular, low cost microphones on 
the market for general purpose use. 
Weighs only 5 ounces. Only 41/4" 
in length. Response: 80 -7000 cps; 
Output -54 db. List price $15.95 
(less stand). Mail coupon for com- 
plete specifications, or ask for the 
Turner 80 at your nearest elec- 
tronics parts distributor's counter. 

MAIL THIS COUPON 

THE TURNER - MICROPHONE COMPANY 
900 17th Street N.E. 
Cedar Rapids, Iowa 

IN CANADA: Tri -Tel Associates 
81 Sheppard Ave., West, Willowdale, Ont, 

EXPORT: Ad Autismo, Inc. 
85 Broad Street, New York 4, N. Y. 

TODAY FOR FREE LITERATURE 

CIRCLE NO. 148 ON READER SERVICE PAGE 

1 
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NEW! AVO 
MU LTIMI NOR 
Pocket -sized 

Rugged 

Environmental 

only 

$2995 
Supplied in an attractive black carrying case, 
complete with a pair of leads with interchange- 
able clips and prods. 

DC CURRENT DC VOLTS AC VOLTS RESISTANCE' 

0 -100 uA 0-25 0-1 0-20 K [ 
0 -1 mA 0-10 0-25 0-2 MÇ2 

0.10 mA 0-25 0-100 

0 -100 mA 0-100 0 -250 
0 -1 A 0-250 0-1000 

0 -1000 

Accuracy: DC- 2.25 %, AC -2.75% 

Sensitivity: 10,000Ç2 /V 

These instruments are considerably more ac- 
curate than the guaranteed sales claim. If de- 
sired, a calibration certificate showing actual 
performance produced on test equipment whose 
accuracy is traceable to the National Bureau of 
Standards, can be provided at an extra charge 
of $5.00. The Avo Multlminor is available only 
from Avnet. Fully Guaranteed. 

Send check or Money Order. 

AVNET INSTRUMENT CORP. 
EAST. 91 Commercial St., Engineers' Hill, 

Plainview. L. I., N. Y. 516 WE 5.8780 
WEST. 5877 Rodeo Road. Los Angeles 16. 

California. 213 UP 0 -6141 

CIRCLE NO. 102 ON READER SERVICE PAGE 

NO FREE premiums 

NO PRIVATE labels 

NO ineffective liquids 

or carbon tet 

ALL YOU GET IS 

GENUINE 

QUALITY 
formulas developed by chemists 

14 years of recognized leadership 

BEWARE OF 

CHEAP 

IMITATIONS 

INSIST ON 

NO -NOISE 
VOLUME CONTROL and Contact Restorer 

TUNER -TONIC for all tuners including wafer type 

FORMULA EC -44 for all electrical contacts 
PLUS, FREE with all No -Noise products, 5" plastic 
extender push -button assembly for pin -point appli- 
cations. Does not rouse shorts! 

ELECTRONIC CHEMICAL CORP. 
813 Communipow Ave., Jersey City 4, N J 

CIRCLE NO. 110 ON READER SERVICE PAGE 
110 

s'.o.m.'s: v.t.y.m.'c: tube. transistor. and crystal 
diode testers: signal. sweep. audio. :nul color 
generators; R/C decades; oscilloscopes: capacitor 
testers: poorer supplies; and signal tracers. 

HI -FI SPEAKERS 

40 
Jensen Manufacturing Company. has just re- 

Icased a 24 -page (.t talogue on "ÍÜgh Fidelity 
I. 'speakers for Stereo and \lomo Listening.'. 

In addition lo ',tinkling complete technical 
and styling details nn the firm's entire line of 
speakers and hcalphrmc equipment, the pnbli 
cation carries a distil..ion on 'slim" speakers 

versus normal bookshelf size and comments on 

htadph - listening lut Stet co. 

COMPLETE SPEAKER LINE 

41 
Quant- Nichols C pany has listed 110 dif- 
ferent types of speakers in its new 8 -page 

pr«luct catalogue. 
Replacement speakers for every. purse and pur- 

pose are listed. along with special types for par- 
ticular audio applications. Audio transformers 
l'or use with the company's speakers arc also 

listed in this publication. 

42 

HARD -TO -GET TUBES 
Unity Electronics, Inc. has issued a I2 -page 
booklet whir Ii lists an exten.isc line of hard- 

to-get tubes which this nistibutor is able to 

supply f stuck as well as standard conttnuni- 
cations, entertainment. and industrial tues. 

The tubes arc listed numerically with prices 
immediately adjacent. The booklet is punched 
for storing in a standard ring binder. 

RESISTOR LINE 

43 
Key Resistor Corporation will supply copies 
of its new resistor catalogue upon request. 

Five data bulletins are included: these two -color 
sheets contain complete electrical and dimen- 
sional data. applications. and descriptions of the 
firm's new "Cold Mold" precision uncial and 
carbon filin resistors: the hermetically' sealed. 
silicone- oil -filled precision carton film units: and 
precision wirewound and microminiature wire - 
wounds. Charts, graphs, and tables arc included 
on each sheet. 

TUBE INTERCHANGEABILITY 

4 
Sylvania Electric Products Inc. has published 

t`} a new television picture tube interchange - 

ability chart. including 14 of the firm's "uni- 
versal" varieties which replace a total of 217 

t y pes- 
The guide contains the type tier of the 

tube to be replaced, the number of the Sylvania 
tube that replaces it. and a key to the informa- 
tion needed to effect the replacement. l he guide 
can be used as a counter or wall chart or may 
be folded into pocket size. 

STEREO /HI -FI COMPONENTS 

45 
Grannies has issued a fr -page folder which 
pictures and describes its "C.us Series" 

of sterco amplifiers. multiplex stereo tuners. and 
sterco receivers; its "F -line Series" of t -rs and 
amplifiers for sterco: plus mono tuner -amplifiers 
and amplifier, plus a Itiplex stereo adapter. 
Performance specifications are listed concisely 
and in easy to use form. 

46 

TECHNICAL BOOKLIST 
Howard 1V. Samos Sc Co., Inc. has issued a 

411 -page catalogue coy eying approximately 
21111 currently available books un electronics. 'IV. 
radio, audio. hi -fi. computers, electricity, and 
related !ern technologies. 

In addition tu providing a brief description 
of the contents of each book. the catalogue car- 
ries a two -page subject index listing titles by 
ca tcgor ies. 

41 

SEMICONDUCTOR LISTING 
Bt -ndi% Semiconductor Dici ' has issued a 

four -page guide to its complete line of semi- 

conductors. In concise tabular form. the publica- 
tion lists parameters and other pertinent speci- 

fications on diffused alloy power transistors. u tili- 
tary types, power sttactor diodes. "p -np" alloy 

power transistors, "p -n -p" alloy high power 
transistors. "p -n -p" alloy medium power transis- 
tors. and diffused silicon power rectifiers. 

HARNESS TYING SYSTEM 
The Thomas & Betts Co. has issued a four. 

4s page folder which describes in detail its 
"Ty Rap" system for tying, clamping, and iden- 
tification of harnesses and wire bundles. 

The new harness assembly method is based on 
adjustable cable tics and straps made of /.ytel" 
type 101 nylon which reduces fabrication time 
by MI% or more. \Vitt the associated accessories 
and tools described in the bulletin, any wire 
I fling. clamping, or identification job on di- 
ameters up to 4" can be performed at compara- 
ble savings in time. 

49 

FILM -RESISTOR WALL CHART 
\Iepco, Inc. has issued a wall chart listing 
\111- -R- 10109 -1) specification summaries and 

emirunnnental test Iiunits for precision film re- 

sistors. The specification summary lists \Ill. 
sties with wattage ratings, tolerances, tempera- 
ture coefficients. voltage, zero Berating tempera - 
tures. and physical dimensions as spelled out in 
the \III. standard. The environmental test -limits 
chart lists the percentage change allowable ler 
various conditions. 

NOISE FIGURE DEFINED 
SUHewlett- Packard Company has issued App1i- 
cation Note No. 57 which defines noise fig - 

ure and explains how it may be measured. 
'I his `!.page publication states that thc ulti- 

mate scnsitis its of a detection system is deter- 
mined by the noise presented to the system with 
the signal. In addition. any system will contrib- 
ute noise to the signal in detection and amplifica- 

processes. Since the input noise presented 
with the signal cannot usually be controlled, the 
approach is to stuck'. measure, and attempt to 

minimize the noise contribution of the system. 
Details on how this is done are outlined in the 
Note. 

SPECIALIZED INSTRUMENTATION 

5l 
B Sc 6 Instruments, Inc. has just published 

I Catalogue ES-II which lists and describes 
stein- of instruments used in sound and vibration 
research and application, and in data analysis. 
l'he catalogue includes 24 types of instruments 
used in var' applications ranging from spe- 

cialized research- laboratory investigations of 
sound and vibration through testing of hearing 
aids and push- button production inspection of 
electric motors. 

COIL CATALOGUE 

52 
J. \V. Miller Company h:is :mnounccd pub- 
lication of its General Catalogue No. fiS Lisa 

ing more than 15410 items including molded r.f. 
chokes. i.f. transformers, adjustable coils wound 
on stable ceramic and resinite materials, exact - 

replacement coils, and other related components. 
C plete specifications are provided on all of 

the products with many of the components pic- 

tured as well. 

ETV EQUIPMENT KIT 
El General Electric Company has issued a site- 

de) teal kit containing detailed information on 

the firm's new educational television operating 
ron.ole as well as additional equipment needed 

our a complete .sstc ii. 
Included in the kit are a six -page t -thnival 

brochure describing the console. a copy of a 

typical proposal for a complete ETV .n suPmt. a 

capabilities brochure. composite specifications. a 

guide fur estimating price, plus other data. 

PIEZOELECTRIC CERAMICS [ Clesite Electronic Components has issued a 

or, I2 -page booklet entitled "Modern Piezo- 

electric Ceramics." 
Illustrated with drawings. pl graphs. and 

graphs. the publication offers complete manual 
data on the firm's piezoelectric ceramics P/.1 -1. 

1'ZF -5. and (stannic B. Charts and tables com- 

pare properties. illustrate basic actions. list asail- 

ELECTRONICS WORLD 
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able shapes. and provide useful reference guides 
to resonant frequencies and common MKS/Eng- 
lish conversions. 

CAPACITY OPERATED SWITCH 
Tung-Sul ElcUrit Inl, i. ollcliu a n tech- 
nical brochurc srhi! h lcscribrs its " 

csy 

I ouch 
Control Switch. - a capati t operaltiI device [hat 
can be turned on and oll with the touch of a 

finger. Circuitry is designed around a "p- n -p -n" 
semiconductor. l'se of this solid -state device 
makes possible a reliable. low -cost. small -sue 

for a wide range of operating conditions. 

56 

SPEAKER BULLETIN 
The R. T. llorak tus factoring Company 
has released a technical bulletin on its Model 

CM- 109 -ti columnar speaker system. Ille bul- 
letin lists applications, characteristics. perform- 
ance specifications. installation data. and carries 
a frequency response curve. 

STOCK PANEL METERS 

51 
Simpson Electric Company has just puh. 
lisped a new IG -age brochure on stock 

panel meters. The publication lists over 1300 
panel meters of various sues. styles. types. and 
ranges-all carried in stock. Included arc volt- 
meters. ammeters. microammeters in sizes (roln II" up through li ". Special application meters 
such as meter relays used in control devices. 
elapsed time meters. and segmental voltmeters 
plus a glossary of terms are also included. A 

Answers to 
"Famous Names Quiz" 
(Appearing on page 84) 

1. E 7. P 13. J 

2. H 8. B 14.R 
3. L 9. F 15. G 
4. A 10. N 16. D 

5. I 11. O 17. K 

6. M 12. C 18. O 

"DO -IT- YOURSELF" 
TUBE CHECKERS 

At 1 5 Tnt Or'gin.d Cost, 
$36.95 Exp cos F.O.B. 

Pays for Itself in one month or 
less) Ideal for .uuermarket- A 
d'ug -lures. l' ompletelr 

led. these machine, achine. ha%e ti, 
h .'arts. lighted {tack E 

'eke,l r mpariment that -cores up 

TV CONSOLES 
'sir ie to Fr'ntt Knoh To Bark 

\0 11 tt''tte.' tltlt !'leture Tube- 
odor!'.! 

Satisfaction Guaranteed Or Your 
Money Back! 
Shipped Railway Express. F.O.B. It'" l'_ -1 l" 387.9' s I..) 

10 - -1 7 -- 111 "- 21t" _ 1 " 
81:'.kí. la. tot 

ONE YEAR GUARANTEED 
TV PICTURE TUBES 

!'du'e'l t. I.ox \- i "c Per Inrl'! 
Nere are lust a few Spectacular 
sample prlees! 

I nitl'1 -xl.9n 1 :I1 %l'l --.s l'' n , 
1.21.1.1---47 .1 9 1951'4 -81 5.73 
1 1111.1- S8.g5 _Ii I. 1- .5111.95 

T'tt.113 !1.\\11'1 12.1'5 
I:t11. 1 411.115 !l 1:1'1 
\Ú7'r:: No Inn! Renulre )' d \t t An i'I l'be . \I.ote l'tn .e 't, Pe.. 

11 

Attention! All PiCture tubes sold 
by NationWide contain only new 
parts except for the glass envelope 
which is reused and has been 
closely inspected prior to manu- 
facture to insure clear and per- 
fect Pictures! All picture tubes 
shipped F.O.B. 
s, nd for NationWide5 complete 
:mulct- tube list. Dept. CL. _ For all type 
FREE POSTAGE All Urvle r.. - 
Il:indlin' l'lAGE On Orders l'nder w I "'I "-il t)1 

t b ,11:111 :'11'1 Foreign tb der -l- n.l .u'b1 n\Iln.'te 1'.'.I. 
REMEMIIER.I)If you're not Completely satisfied with any merch.."- 
dise. N.n.on Wide will Refund Your Money within Five r51 da,' 

Itnmrdiatr shipment o all orders! 
411 tunes gu.'ranteed Inc non hull 

NATION- WIDE7y1 
NATION -WIDE BLDG. co, 
HARRISON, N.J. HUmboldt 4 -9848 

Dept. EW 2 

PHOTO CREDITS 
Page 
16 
20 
30 (top). 31, 97 

Credit 
H H. Scott, Inc. 
Don Bosco Corp. 

Medtronic Inc. 
30 (bottom), 98 Theratron Corp. 
33 Burroughs Corp. 
34 (Fig. 2) Non Linear Systems Inc. 
34 (Fig. 3), 66 (Fig. 11), 67 (Fig. 14)..I.E.E., Inc. 
34 (Fig. 4) Tleregister Inc. 
34 (Fig. 6) I.D.E.A. Inc. 
35 (Fig. 8) Union Switch & Signal Corp. 
35 (Fig. 9) Patwin Corp. 
39 Hawley Products Co. 
40 (bottom) Sherwood Electronics 
66 (Fig. 12) A C E Co. 
67 (Fig. 13) Allard Instrument Corp. 
76 Allied Radio Corp. 
78, 79 General Electric Company 
96 Citroen 

Answer to Electronic 
Crosswords 

(Appearing on page 931 

P A R A B O L A S S P 

S T R O B O S C O P E S 
W U H O G A P A R T 
O R B R E A C T A N C E 

W U P R G H R 

P M A L I M O L E 

C 
E 

A 
D 

P 

A 

A 
R 

E 

C 

S 

I T 
H 

M 

A 

E 

N 

T 

C 

R 

E 

A S 

O 
P 

H 

M A G N E T I C I T O 

C E R A M I C G W Y N 

R E M A L L L I 

P I EZ O EL E C T R I C 

THANKS AMERICAI 
vont terrilit response 
overwhelmed us. Please 
be patient on your orders! 

BRAND -NEW 
FACTORY SECONDS 
USED TUBES 

Used and /or 
factory second 

Multicore Sales Corp Port Washington, NY 

For in' Dep., 
CIRCLE NO 132 ON READER SERVICE PAGE 

1 -YEAR GUARANTEE ON ALL TUBES! 
Before shipping, each order of tubes is Scien- 
tifically Tested by Nation -Wide's own Quality - 

Control Department! All shorted and Low 
Emission tubes are immediately destroyed! You 
receive only TOP QUALITY. LONG -LIFE. 
Hickok and set tested tubes! 

INDIVIDUALLY BOXED! CODE DATED! 

oZ 
18367 
1L6 1LB 
1LN 
lLNS 
1NSGT 
IRS 
:55 

T4 
iU4 
1115 

UNDRE 

February, 1963 CIRCLE NO. 133 ON READER SERVICE PAGE 

4826 6CM7 12AT7 
4CB6 6CQ8 12AU7 
4076 6CU6 12A55 
5AM8 GLUS IZAX4GTA 11 

SANO 61/E 12507 
5AQ5 6006 A B 12AZ7 
SASE 6076 12B4 
SATO 6EA7 12BA6 
58X75 6EÁ8 1213E6 
5ßR8 6EB8 12BH7 A 
SCGB GEMS 12006 
SCL8A 6Eß5 12877 A 
SCZS 6ES5 12CAS 
5J6 6F6GT 12CR6 
ST8 66148 12CU5 12C5 
SU4G 6116 12CU6 
5U4CA B 6J5 1204 A 
5U8 6J6A 120135 
5V4C 686CT 1213026 A B 
5X8 6117 12K7GT 
573GT 61.6GA B C 12L6GT 
6A8GT 604 12Q7GT 
6ÁB4 6SA7 125867 
6AC7 65C7 12547 
6AF4 A 65N7 I25F7 
6AG5 6SF7 12587 
6AH4GT 6587 12514767 
64176 65L7GT 12V6GT 
6585 65N7GTA B I2W6GT 
GALS 6507 12X4 
6ÁM8 A 674 13DR7 
GANB A 678 A 1457 
6AQ5 A 6U8 A 1486 
SASS 6V3A 14F7 
6AT6 6V6GT 17AVSCA 
GAYS A 6W4GT A 17AX4GT 
6AU4GT A 6W6GT I9AU4GTA 
6AUSGT 604 196666 A 
6AU6 A 6XSGT 1978 
6AU8 6X8 A 25AX4CT 
GAVSGA 6766 A 25806 
6AV6 745 2SC5 
GAW8 A 7A7 25CD6GA B 
64546TÁ B TAR 25C1J6 
GAX5GT 7AG7 25DN6 
61156 7ÁU7 25006 
SOCS 7134 25L6GT 
6BC8 787 25W4GT 

152 6BE6 7C5 25Z6GT 
2AF osera A 7C6 3555 
25714 6BH6 7Fß 3585 
2CYS 68178 7117 35C5 
3AÚ6 6BJ6 A 7117 35L6GT 
3BCS GONS 774 35W4 
3BU8 611147A 8 SAWS A 35Y4 
3826 61717GT A 8605 3523 
3006 68H6 8C07 35ZSGT 
3C56 6505 8CS7 5045 
3006 61106GTA B 8CM7 5085 
3076 61107 A BCXB SOCS 
104 611U8 85N7CT8 50E715 
IQ5CT 6BYSCA SAUT 50166T 
354 6B76 SUBA 517760T 
3V4 6827 5ODE7 50Y7GT 
4ÁU6 6C4 10E67 7OL7CT 
4BCS 6CB6 A 12A8GT 75 
4BC8 6C136C A I2AB5 80 
48Q7A 6CL6 12AD6 83 
4858 6C67 12505 11713 

1211T6 I17Z6CT 
Partial listing -send for free Complete tube listing. 
FREE SURPRISE BONUS ON 
ORDERS OF 55 OR MORE' 
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AN /ART -I3 100 -WATT XMTR 
11 CHANNELS 

' 200.1500 Kc 

r avj 4. -, } '-- 2 to 18.1 Mc 
: 

No 
` , , . 

, 
$69Só used 

_ : 
- M t .; Complete with Tubes 

craft Transmitter, AM. 
\\ . SI. \ \.'Iltrnrl% ,CU.flÌ e tn'I nv of lo pre.el rl,ati- el or manual timing.. Speech 'n,plitler /clipper uses 

arltn1 or magnetic mike. Highly stable. highly act 
1'1'5e:u VF'0. Built In \Lai contr.rl IC,I calibrator. 
11. ,lnlat. K13 In filial up to 904 r. Oa- Oa- 'It " 

\ heal "HOT" Ham buy at our low priest Orig. coat 

AN/ART-13 XMTR of aDeve. Like New .. AAR $79.50 
13.16 Low Free. Ose. Coil for ART -13 7.95 
24V Dynamotor for ART -13 11.95 
Same 

We carry Complete line of spare Parts /or above. 

AN /APR -4 RECEIVER only. 38 to 4000 Mc in 
i tuning unit ranges. High precision lab instru- 

ment. Input 115 V60 cy. Like New $79.50 
Tuning Units TN16. 17. 18 each $39.50 
Tuning Unit TN19. Brand New $89.50 
Tuning Unit TU54 $149.50 

LIMITED QUANTITY SPECIALS! 
BC.312 MOBILE RECEIVER Kc to 18 
Mr. \Vitt, I1111,, .111.1 I I V I., ii I.. ' -. $79.50 
BC -312 for AC operation $59.50 

ike AN'APT5 AIRBORNE RADAR SET. with tubes. 
49L50 New $. 

AN,APT 5 BRAND NEW $69.50 
POWER SUPPLY for AN APT5, complete. Brand N.yv. 
for 80'115 V 100 to 2500 cycle- $14.95 

FAMOUS BC -645 TRANSCEIVER 
15 Tubes 435 to 500 MC Ì1: ryCan be modified for 2 -way j. ¿ - cnmmnlhamm 

and 0.4n ,ie, WI 

'P 
fixed and noddle 1- 

m radio í y 460 Plc. television esper. 
mental 470-300 Inc. 15 

(tubes alone s n ill 
more than sale price!); 4- 

uRANO 7F7, 41 -7H7, 2 -7E6. 2- 
NEW 31664. -NOWa covers á511\F. 

Igo me. Brand new BC -645 with tunes. Ivan P. 
imply In factory carton. 

-hipping sleight 25 Ihn. SPECIALI.. $19.50 
PE -101C Dynamotor. 12/24V Input $7.95 
58F Ac tenna Assembly 2.45 
Complete Set of 10 PI11g 5.50 
Control Box 2.25 

SPECIAL "PACKAGE" OFFER: 
ße.645 'l'r:,n- relver, pynantntnr and all " "' i. 
n5,v.. .str'r.E'l'F., BR.\N!) NEW. S29 50 - ,,,,e I . 1 st J 

ARC -3 
RECEIVER! 

Complete 
Ito All $1995 Tubes Exc, 

-r \, 
xll t 

Like NEW .. ....$29.50 
Crystal- COntr011ed 17lube super hrt. tunes from 
100 to 156 MC.. AM.. on any 5 due- selected 
cuannels. 28 -volt DC pow. input. Tubes: 1.9002. 
G 6AKS. 1.125147, 3- 12507. 1 -9001. 1.12146. 
2. 125N7. 1.125L7. 1.12A6 
110 V A.C. Power Supply Kit for above 15.00 
Factory Wired and Tested 19.95 

ARC -3 TRANSMITTER 
Companion unit for Move, . ,. `.IC on 

tic 8 pre-selected channel- ' ,- 
nllcl. provides tune /611,1 

,t' P,yyer input. Comps it I $1895 ,:V'6. 2-832A, 1.1 `117. I -,:I . O 
Used Only .,s condition . 528.50 

Illrt"I III t-li TROT. ICON 55.95 

ACCESSORIES for BC -603, 683 RECEIVERS 

\ -l'U. Ti SiCi OF' I TGIll.s Foil d6U \'1: 1,1.,mí row, 
it original boxes 53.95 

I 2 or 21V Dynamotor for 
Ahoy'. 55.50 u- Caed $4.23 Brand New tDY J 

AC POWER SUPPLY FOR ßC603. 683 
.r u: "'Nor1 

III CV!: CHANGE N1- 1.1.13t. l' i 
S lie Q 80 Ma. 24VAC Q 2 Amps ...... n i =.' 
Complete 240.page Technical Manual for BC 501 
i,04 S3 

e15 RC -604 TRANSMITTER -Companion unit for OCt8.95 
10 ltrrr. alswe. With all tunic. BRAND NEW ,Section Antenna for BC -604. 684 Translrlttlers. 

inpirle with mount Muff 0000. Brt. SI) NEW 54.95 
W We tarry a complete line of snare lift' lot .,boor. 

APN -1 FM TRANSMITTER- RECEIVER 
420 t0 460 MC Aircraft Radio altimeter equipment. 
Tub.5: 4.955. 3125J7. 4- 12SH7. 2 -12H6. 

I....... 
1- VR150; Complete with tubes. brand new .95 APN.1 F:xc. used. Mks. new $8.95 
AN ARR -2 RECEIVER 23.1 -258 Mc.. 0111, tunable 
velvet'. including I I tubes: :1,15E5. II2Ati. $8.88 
7 -9001. liltANID NF:w', srltr, tubes t'..d. with tub.. $5.95 
ARC- 5:7-23 TRANSMITTER lí111.150 Mc.. Includes 

. \. 2.1025. BRAND NEW, $21.550 
Its. tubes $5.95 

,iiiC -5 17211 RECEIVER, 2 -meter superhet, 100 to -' Mc ill 1 crystal channels, complete with 10 
:n51s. BRAND NEW. with $26.50 n,, l', enrol Used. with tubes 523.50 a 
BC1206C BEACON RECEIVER 105 to 420 Ke. 185 I... IF. work. , 2.1V' 0l'. Complete with 3 tubes. 
W: 4x4.11 -. Wt. 4 Ib.. BRAND NEW. 

$D 
99 

ith tubes .7 sl e7 

14-.lint Ni,r. Ir.- I(ii,... $5.95 r.iiI less times $2.95 

112 

111 
IMPORTERS- EXPORTERS 

of ELECTRONIC EQUIPMENT 

7 

We specialize in the export of military surplus; 
electronic equipments 

All at LOWEST PREVAILING PRICES. 
In addition to Items shown on this. page. we haves 

M In stock or can ohtaln for export customers. m111- 
tart' electronic equipment made for world War II.s 

n,van war. and later. : I: 
IF YOU DON'T SEE WHAT YOU WANT HERE.s 
WRITE US YOUR NEEDS. INQUIRIES WEL -$ 
COMED. t 

parking and chipping is made directly from$ 
our own warehouse In NYC to L -Ire you substantial: 
:wing-. In handling r -' 

s SEND FOR LATEST FREE G 8 G BULLETIN OF$ 
:SURPLUS MILITARY ELECTRONIC EQUIPMENT. 
Ze1111111N1111 N N11N11N 111111111 

LORAN 
AN / 

QUALITY 4fi NA iúrMENT 
Determine exact geographic position of your boat 
or plane. Indicator and receiver complete with all 
tubes and crystal. 
INDICATOR ID -6B /APN -4, and RECEIVER$49.50 
R -9B /APN -4. complete with tubes. Exc. used 

Receiver -Indicator as above, BRAND NEW$88.SO 
Shock Mount for above $2.95 
INVERTER POWER SUPPLY for l oran. Made by 
Eclipse -Pioneer Div. INPUT: 24 V DC fit 75 A. 
OUTPUT: 115 V AC (ii 10.5 Amps, 800 cycles. Com- 
plete with two connecting plugs BRAND NEW$49.50 

12 -Volt Inverter Power Supply. Like New. P.U.R. 
We carry a complete line of spare parts for above. 

LORAN R -65 /APN -9 RECEIVER 
a INDICATOR 

Used in ships and aircraft. Deter- 
mines position by radio signals 
known xmitters. Accurate to With 
1% of distance. Complete wit: 
tubes and crystal. Exc. used. 
Value $1200.00. Our Price $79.50 
Used, less tubes, crystal and visor, but with 3BP1 
C.R. tube $29.50 

INVERTER POWER SUPPLY. INPUT: 24 V DC. OUT- 
PUT: 115 V AC. 800 cy. BRAND NEW $49.50 

12 -Volt Inverter Power Supply, Like New P.U.R. 
Shock Mount for above $2.95 
Circuit diagram and connecting plugs available. 
We carry a complete line of spare parts for above. 

LORAN APN /4 u ;_ 
OSCILLOSCOPE it 

Easily converted for use on e , . / 
radio -TV service bench. To- o 4 
LIKE NEVI Less tubes. but 
including 5" Scope, ($14.501 
type 5CPI only t 

BENDIX DIRECTION FINDERS 
For commercial navigation on boats. 

*IN' 150 -925 Be: 825 -6115 Kr: 3 -4.7 Mr. $19.50 'Bless with tubes. 11Snatnulor. 

\ 
.ti NEW 
'SY Receiver Control Box ,, ,, , , , , , , , , , 5 4.95 
roe Receiver 1511.15,10 Kr continuous 
412 with 1 tube and 1yä\\14105- l'sed... 18.95 
xtie R I 1 Itlt \N0 NEW .... 27.50 

4.95 
2.95 

Ir 

SCR -274 COMMAND EQUIPMENT 
"I L COMPLETE WITH TUBES Like 

1 escription Useo NEW 
I 

e 
.'t li '..et' 1:- .-,:,0 RC $12.95 514 n 

V 154 Receiver 3.6 MC 12.45 17.95 
5 II.eetrer 6.9 Me.. 11.50 13 ', 

. to :1 Sic. Receiver Brand New 
l' 

110 Volt AC Power r Supply KIt, for all 274 
311e -5 Receivers. Complete with metal $8.95 

hl-Iruet too. 
Factory wired, tested, ready to operate.,512.5.1 
SPLINE° TUNING KNOB f,r 271 -N and 
I , I I, , 

i li, - .- i. I: I'.I a i 49c 
. I:1. 

` 
Ii 457 TRANSMI 11Lit 1 -5.3 Mc. complete $9.75 -II Iol, '.,1. BRAND NEW.. 

, New 57.95 
.1511 TRANS-. I l Tea a 1.3 to 7 Mc. Camel" 

:.I1 $10.95 
I... 

\N 
Newl. 

\ \' ... .57.95 
Tl9 TRANSMITTER . 111.C. complete with $9 955 
all II 5> and rvo r. Used 
BC -696 TRANSMITTER i.1 Mc Complete with $11.95 
All Tube. & l'r-.tnl. I.. kc New 
Its-.4 .',t: Modulator ..... USED 3.5 NEW 5 95 
MD7 Modulator. Like New ...... .. 59.95 

o..1_ ACCESSORIES AVAILABLE FOR ABOVE 

SCHEMATIC DIAGRAMS of ̂ rtmostoaeegeulásc^nt 65J4 

Please include 25% Deposit with order -Balance 
C.O.D.. or Remittance in Full. 50e Handling Charges 
on all orders under $5.00. All shipments F.O.B. Our 
War N.Y .C. All Merchandise subject to Prior 
Sale and Price Change. 

G & G RADIO SUPPLY CO. 
Tisi. phone: CO 7 -4605 

77 Leonard SI. New Yolk 13, N. Y. 

CIRCLE NO. 118 ON READSR SERVICE PAGE 

er - . 

TEST EQUIPMENT IE36. Provides trouule- shooting 
tests of SCtt522A and SCR 512.5 set.: Starling di 
topping mechanisms. channel selection circuit., 

.witching etc. Complete with Instruction manual. 
In sturdy carrying case. $8.95 BRAND NEW 

LM FREQUENCY METER 
I l 1131 calibrated uuldulate.11. IleIerodylre. 125 Kr 
lo 30.000 Ec avilit Calibration hook. $58.50 Complete. Like New ... 

MP- 
BC -906 FREQ. METER -SPECIAL 

Cavity type 1.15 to :33 Ste. Complete with antenna. 
Manual and original calibration charts in- ;11.88 eluded. BRAND NEW. OUR LOW PRICE... 

BC -221 FREQUENCY METER = 
SPECIAL BUYt This e eol 
standard 

pntl 
with Origin al 

charts. and ranges Ell 125 Kt to 20.000 KC with Crystal Check t -, 
points I all ranges. Excel. Used with I 
original calibration Book. Crystal. and 
.ell tables -LIKE NEW! 
l'nmodulated . $72.50 Modulated ....$99.30 
RC 221 1000 He Crystal Brand New.. .. ....58.95 

TS -16 APN TEST SET 
I lo '.1 l . !r t 5d 

1 1 í r sweep freq. and band, Its f transmitter. 
1tollo.oseillaior range: 340 to 25ií c I , 24 5.11 ,C- 
Input. l' plete with tubes, connecting $14.50 
cables. Instruction summary. BRAND NEW 

TEST SET 75.175/U. Portable crystal ,ntrolled 
heterod e yn type unit used in field testing of CW or 
SICW 11F Transmitter. and Signal hit -tu etIars. (lange 
85 ln í111p1 Mc, lower requirements: 6V $169.50 
111' and 1:15 V OC. Exc. Cond. 
TEST SET TS-174/1.1 Fre.11enen Meter slmilltr to 
alto,. but for 26 to 2541 ntc. Power input $169.50 
5.5V lie and 121.5 V la'. Exc. ('ond... 
TS -170 /ARM -5 TEST IIS('ll.l..\TOit. portable. battery. 
operated. ere. tal controlled. for frequencies: :1:12.6 
SIC. 

. 
:138.11 Sic.. and :135 Mr. Power Ionia 1.5 

VDC and 90 VIIC. Less Batteries. Exe. $22.50 Cond. 

SCR -625 MINE DETECTOR 

Complete portable outfit in original pack- $2750 
ing. with all accessories. Brand New 

APR -1 Navy VHF -UHF radar search Receiver. 
80 Mc to 950 Mc in 2 bands. BRAND 
NEW $79.50 
TUNING UNITS for above: TN1, TN2, TN3, 
BRAND NEW. $39.50 

CItItENS BAND CRYSTALS 
\ . r11.1113ei.. tn.,i Inc it, by America's Leading 

' ' 

Si Manufacturer. .e l ft' make and model Ituni- i. ..f ell equipment. Any channel. for ICE- $2.95 
1.1.I\ 1: or TI4\NSSn T. Far... .. . . 

Shipped Postpaid in tats of 3 or' More 

EE -8 ARMY FIELD PHONES 
Excellent Condition. checked out, perfect p king 
order. complete with all pants. $12.95 Each 

TG34A CODE KC t in .nntalnrI unit 
for code Itractir. , to 23 t. 

526.50 per BBBUIc. r.lk, 
'el of 1 1 Reels ' 

New a 
WE Mercury Bel.I, t 
Healer. WE =It. I ..;.1, 2.95 

a MICROPHONES Checked Out, Perfect II 

EXC. BRAND 
1 Mod Description USED NEW 1 

71713.. Carton Hand Mike ... ..$4.45...57.95 
1 RS -38. Naty Trpe Carbon Rand Silke 7.95... 5.75 ' 

HEADPHONES Checked Out, Perfect ' Excellent BRAND' Model Description Used NEW I HS -23. -High Impedance $2.49.. 54.75 
HS -33. , Low Impedance 2.69.. 4.95 

' 145- 30.... 1.,w Inn. lfeatherwt.) .90.. 1.63 
TELEPHONICSh6UUpohm 1.5w Impedance HSAll. 

7.93 1 
Il -KT, IIIt.4NII NEW. PER PAIR $3.25, 

CD -307A Cords. with 1'L55 plug and JK2O Jack .99 
'1.arthn,e 

Cushions for above -pair .50 1 
V RR e1 U ow me Um um sr mm PR mg no RE Pm op 

MOBILE -MARINE DYNAMOTOR 
Model DM35 

input 12V DC. Output: 628 V 
oc tnç 225 Ma. for to. 
talk intermittent lion. 
Shpg. wt. 14 lbS 
BRAND NEW $14.95 

OTHER DYNAMOTOR 
Type Input 
DM -32A 28v 
DM -33A 28V SA 

28V 7A 
DM -34D 12V 2 
DM -36 28V í.4A 
DM -53A 28V 1.4A 
PE -73C 28V 20A 

86 V PE - 28 1.25 
DM -42A DYNAMOTOR. 
Output 515 V oll rlT 

Ma. Wt. :18 lbs. flit 5N 
DM -37 DYNAMOTOR. I 
mitt 5 25 V DC 22: 

VALUES: Excellent BRAND 
Output Used NEW 

í.1A 2SOV .05A 2.45 4.45 
575V .16A 
540V .25A 1.95 4.45 

A 220V .080A 4.15-5.50 
220V .O8OA 1.95 2.95 
220V .080A 3.75 5.45 

1000V .350A 8.95 14.95 
A 250V .050A 2.75-3.85 

Iuo :It I - \ :III Amps. 
1 5 SI: ,. . n.l to :o \ lot 04 2511 
0 NI:\t'_ each 58.95 

'a,lit 21.5 V RC 6tt 0.2 A. lint 
,. nit \NI, NE \ \'. F :trh $3.25 

CARTER GENEMOTOR 
INPUT: 5.11 V tit' 44' :12 :lino.. 
OUTPUT: 105 V lo' .l . 270 Amps, 58.95 BRAND NEW. special 

2 VOLT BATTERY "PACKAGE" 
1 -2V. 20 Anne. Hr. Willard Storage 

Battery. Model =20.2. 3" x 4" 
x 'I_ high ......... 92.79 

1 -2\. 7 prong Synchronous PlugIn 
Vibrato.. "i ' 

.. 
1-Quart OMtle Ele<trojte í0e 

- 

o 

49 

cell., 1.43 
ALL BRAND NEW! $5,45 Com.,natine P.rn CDN 

WILLARD 6 -VOLT MIDGET 
STORAGE BATTERY 

I Amp. Hour. BRAND NEW. 
15111' x 239". Use. St. 
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ELECTRONICS MARKET PLACE 

RATE: 60C per word. Minimum 10 words. April issue 

ELECTRONICS 
ENGINEERING 

AND INSTRUCTION 
USED Correspondence Courses and Books sold and 
rented. Money back guarantee. Catalog Free. (Courses 
Bought.) Lee Mountain. Pisgah. Alabama. 

ELECTRONICS! Associate degree -29 months. Techni- 
cians. field engineers, specialists in communications, 
missiles, computers, radar, automation. Start February, 
September. Valparaiso Technical Institute, Dept. N, 
Valparaiso, Indiana. 
FCC LICENSE in six weeks. First class radio telephone. 
Results guaranteed. Elkins Radio School, 2603C, In- 
wood. Dallas. Texas. 

"DRAFTING, Reading Blueprints, Schematics. Send 
$2.00 first lesson, complete home course $25.00. 
Prior, Inc., 23-09 169 Street, Whitestone 57, New 
York." 
SLIDE Rule -Selfteaching Method. 8 inch Bamboo Rule; 
Manual With Step- by -Siep Illustrative Problems, Prac- 
tice Exercises and Answers -only $3.95 Postpaid. No 
COD. ALSYNCO, Dept EW -1, 171 So Main, Natick, Mass. 

ENGINEERING and Art Degrees earned through home 
study. Electronics, mechanical, liberal arts, major ac- 
counting. When writing specify curse desired. Pacific 
International College of Arts & Sciences, primarily a 
correspondence school. Resident classes also available. 
5719 -C Santa Monica Blvd., Hollywood 38, California. 

FOR SALE 
TV Tuners Rebuilt or Exchanged $9.95 complete - 
all types - fast, guaranteed service. Send tuner with 
all parts to !. A. Tuner Exchange. 4611 West Jeffer- 
son Blvd., Los Angeles 16. California. 
TUBES -TV, Radio, Transmitting And Industrial Types 
At Sensibly Low Prices. New, Guaranteed, 1st Qual- 
ity, Top Name Brands Only. Write For Free Catalog 
or Call WAlker 5-7000. Barry Electronics Corp., 512 
Broadway, New York 12N, N. Y. 

DIAGRAMS for repairing radios $1.00. Television $2.00. 
Give make, model. Diagram Service, Box 672 -E, Hart- 
ford 1, Conn 

GOVERNMENT Surplus Receivers, Transmitters, Snoop - 
erscopes, Parabolic Reflectors, Picture Catalog IOC. 
Meshna, Malden 48. Mass. 

CONVERT any television to sensitive, big- screen oscil- 
loscope. Only minor changes required. No electronic 
experience necessary. Illustrated plans, $2.00. Relco, 
Box 10563, Houston 18. Texas 

INVESTIGATORS. free brochure. latest subminiature 
electronic listening devices. Ace Electronics, 115001 
NW 7th Ave., Miami 50. Florida. 
BEFORE you buy receiving tubes, test equipment. Hi -fi 
components, kits. parts. etc.... send for your giant 
free Zalytron current catalog. featuring Standard brand 
tubes; RCA, GE. etc. -all brand new premium quality 
individually boxed, one year guarantee -all at biggest 
discounts in America! We serve professional service- 
men. hobbyists, experimenters. engineers. technicians. 
Why pay more? Zalytron Tube Corp., 461 Jericho Turn- 
pike, Mineola, N. Y. 

SUPERSENSITIVE directional microphone picks up faint 
sounds at 300 feet. Detects sound through ordinary 
walls. Easily built for $7.00. No electronic experience 
necessary. Illustrated plans, $2.00. Dee Company, Box 
7263 -D, Houston 8, Texas. 

TV TUNERS rebuilt or exchanged, $9.95. Fast, guaran- 
teed. Complete crystal alignment. Valley Tuners, 18530 
Parthenia. Northridge. Calif. 

FREE Catalog -name brand tubes 65% discount, phono 
needles 80% or more discount, phono cartridges. 
picture tubes 75C inch, parts, parts kits, silicon and 
selenium rectifiers. transmitting tubes. 7" T.V. test 
tube $6.99, imported batteries, tube testers etc. Want 
to swap or sell tube inventory? Send us your offering. 
Arcturus Electronics Corp., Dept. Z.D., 502 22nd St., 
Union City, N.J. 

AUTO Radios AM /FM /MB /SW Metravox, Blaupunkt, Mo- 
torola Custom Fit Foreign -Domestic Cars. Low Prices. 
Park Terrace Radio. 4975 Bway. New York, N.Y. 

Save dollars on radio. TV- tubes. parts at less than 
manufacturer's cost. 100% guaranteed. No rebrands. 
pulls. Request Bargain Bulletin. United Radio 1000 -W, 
Newark, N.J. 

$115 Self- Service Console Type Tube Testers. Brand 
New, Original Cartons. S40 F.O.B. Dorn, 3303 Lambert 
Ave. N.W. Canton 8, Ohio. 

TRANSISTORIZED Products import catalog, $1.00. In- 
tercontinental, CPO 1717, Tokyo, Japan. 

February, 1963 

closes February 5th. Send order and remittance to ELECTRONICS WORLD. One Park Ave., N. Y. C. 16. N. Y. 

NEW. transistor computer plans, programming man- 
uals: analog $4.95 Eight digital $5.50 guaranteed. 
Tesla. PO Box 11275. Phoenix 17, Arizona. RECORDS 
SURPLUS Electronics. Free catalog. Saratoga Surplus, 
Round Lake. New York. 

TRANS- NITION. Electronic Egnition, Components, Kits, 
Coils. Special 260/1 coil, Manual $8.50. Anderson En- 
gineering, Wrentham, Mass. 

WANTED 
WANTED: Collins, Hammarlund Receivers SP -6CO3 51J, 
R -390A. R.388. Teletype, Kleinschmidt. Cash. or trade. 
Alltronics- Howard, Box 19, Boston 1, Mass. (Richmond 
2 -0048. 
CASH Paid! Sell your surplus electronic tubes. Want 
unused. Clean radio and TV receiving, transmitting 
special purpose, Magnetrons, Klystrons, broadcast 
types. Want military and commercial lab test equip- 
ment such as G.R.H.P., AN UPM prefix. Also want 
commercial Ham Receivers and Transmitters. For a 
Fair Deal write: Barry Electronics Corp., 512 Broad- 
way. New York 12, N. Y. rWalker 5- 7000). 

QUICKSILVER, Platinum, Silver, Gold. Ores Analyzed. 
Free Circular. Mercury Terminal, Norwood, Massa- 
chusetts. 
ARMY Sets or Parts- GRC- PRC- FRR /URR- TCC -5B 
-SCR -Send Listings -Quick Cash. Anker Electronics, 
1617 So. Main St., Box 26, Wilkes- Barre, Pa. 

TAPE AND RECORDERS 
TAPE Recorders, HI -FI Components. Sleep Learning 
Equipment, Tapes. Unusual Values. Free Catalog. Dress - 
ner. 1523 EW Jericho Turnpike, New Hyde Park 10, N.Y. 

RENT Stereo Tapes -over 2,500 Different -all major 
,abels free catalog. Stereo -Parti, 811 -G, Centinela 
Ave.. Inglewood 3. California. 
SELF-Hypnosis. New concept teaches you quickly by 
tape or LP- record. Free literature. McKinley Publishers, 
Dept. T6. Box 3038. San Bernardino. California. 
SAVE 30% Stereo music on tape. Free bargain catalog 
blank tape recorders norelco speakers. Saxitone, 1776 
Columbia Road. Washington. D.C. 

4 /TR Stereo Tapes - bought. sold, rented, traded! 
Bargain closeouts! Catalog/COLUMBIA. 9651 Foxbury, 
Rivera. California. 

HIGH -FIDELITY 
DISGUSTED with "Hi" Hi-Fi Prices? Unusual Dis- 
counts On Your High Fidelity Requirements. Write. 
Key Electronics, 120 Liberty St.. New York 6, N. Y. 
D16-4191. 
PRICES? The Best! Factory -sealed Hi-Fi Components' 
Yes! Send for free catalog. Audion, 25T Oxford Road, 
Massapequa. N.Y. 

RECORDERS. Components! Free wholesale catalogue! 
Carlton. 125 -R. East 88. N.Y.C. 28. 

INDUCTORS for Crossover Networks, 118 types in 
stock. Send for brochure. C & M Coils, P.O. Drawer 
1147. Huntsville. Ala. 

LOW. LOW quotes: all components and recorders. Hi -Fi, 
Roslyn 9. Penna. 

WRITE for our low quotation on components, recorders. 
Hi- Fidelity Supply. 2817 -YC Third. N.Y.C. 55. 

Mello Monster Folded Horn. From designer now a 12" 
enclosure. Also popular 8 ". Plans $2.00 each. Roald 
E. Dybvig, 2754 Xenwood Ave., St. Louis Park 16, Min- 
nesota. 

REPAIRS AND 
SERVICING 

TV TUNERS REBUILT AND ALIGNED per original factory 
specifications using xyal controlled equipment only 
$9.50. 24 hour service for unmutilated units. Ship com- 
plete tubes or write for free mailing kit and dealer 
brochure. J W ELECTRONICS, P.O. Box 51A, Blooming- 
ton Indiana 
METER Repairs -All Make and Models. Bigelow Elec- 
tronics, Bluffton. Ohio. 
YOUR ad will be read by more than 200,000 readers 
when placed in this space. For information on how to 
place a classified ad in this section, write: Martin 
Lincoln, ELECTRONICS WORLD, One Park Ave., N.Y 16, 
N.Y. 

k.a.tE 18'5. State Category. Write Record- Lists, P.O. 
Bon 2122, Riverside, Calif. 

HELP WANTED 
EARN Extra money selling advertising book matches. 
Free Samples furnished. Matchcorp, Dept. MD -13. 
Chicago 32. III. 

GOVERNMENT 
SURPLUS 

JEEPS $278. Airplanes $159, Boats $7.88, generators 
$2.68, typewriters $8.79, are typical government sur- 
plus sale prices. Buy 10,001 items wholesale, direct. 
Full details. 627 locations and procedure, only $1.00. 
Surplus. Box 177C33. Abbottstown. Penna. 

U.S. GOVERNMENT SURPLUS -Jeeps, $264.00; radios, 
$2.53: guns. typewriters; cameras; tools: thousands 
of items. Fabulously low surplus prices. Complete In- 
formation sent immediately. Send $1.00 to: Surplus, 
P.O. Box 50512. Dept. R. New Orleans 50, Louisiana. 
FREE. Valuable War Surplus Bargain Information. Box 
8ZD, Thomasville, Penna. 

SHOPPING GUIDE 
CLASSIFIED 

A HANDY GUIDE TO PRODUCTS, NOT NECESSARILY 
ELECTRONIC. BUT OF WIDE GENERAL INTEREST. 

STAMPS AND COINS 

SMASHING collection free. Includes triangles. early 
United States, rockets, sports, British colonies high 
value pictorials. etc. Complete collection plus bg il- 
lustra ed magazine. all free. Send 10C for postage. 
Gray St'mp Co.. Dept. Z2, Toronto. Canada. 

FREE Mint British Colonials from Maldives. Solomon 
Islands. Pahang, St. Christopher, Nevis. Sarawak, 
Cayman Islands, Gilbert Ellice. Free with approvals. 
Viking, Great Neck 50, N. Y. 

BUSINESS 
OPPORTUNITIES 

I Made $40.000.00 Year by Mail Order! Helped others 
make money! Start with $10.00 -Free Proof. Torrey, 
Box 3566 -N, Oklahoma City 6, Oklahoma. 

ASSEMBLE artificial lures at home for stores. Ma- 
terials supplied free. Profitable! Write: Lures. Ft. 
Walton Beach 1. Florida. 

PUBLISH your book! Join our successful authors: pub- 
licity advertising promotion. beautiful books. All sub. 

bjects invited. Send for free appraisal and detailed 
ooklet. Carlton Press, Dept. ZOB, 84 Fifth Avenue, 
N.Y.C. 11. 

INVESTIGATE Accidents -Earn $750 to $1.000 monthly. 
Men urgently needed. Car furnished. Business expenses 
paid. No selling. No college education necessary. Pick 
own job location. Investigate full time. Or earn $6.44 
hour spare time. Write for Free Literature. No obliga- 
tion. Universal. CZ -2, 6801 Hillcrest. Dallas 5. Teas. 

$100 weekly possible. Complete mailing lists and ad- 
dress envelopes for advertisers. Home -spare time. 
Particulars free. National Service, 81, Knickerbocker 
Station. New York City. 

ELECTRONICS Manufacturer offer engineering and /or 
production facilities. Tax exemption permits tremend- 
ous savings. Write, Milles Engineering, Las Marias, 
Puerto Rico. 

PHOTOGRAPHY -FILM, 
EQUIPMENT, SERVICES 

SCIENCE Bargains Request Free Giant Catalog "C1' 
-144 pages- Astronomical Telescopes, Microscopes. 
Lenses. Binoculars. Kits. Parts. War surplus bargains. 
Edmund Scientific Co., Barrington, New Jersey. 
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MEDICAL FILM -Adults only -"Childbirth," one reel, 
8mm $7.50; 16mm $14.95. International W. Greenvale, 
L.I. New York 

EDUCATIONAL 
OPPORTUNITIES 

LEARN While Asleep. hypnotize with your recorder, 
phonograph. Astcni,hing details, sensational catalog 
free! SleepLearning Association, Box 24 -ZD, Olympia, 
Wasnington. 

LEARN while asleep. Remarkable, scientific. 92% ef- 
fective. Details free. ASR Foundation, Box 7021, Dept 
e.g.. Lexington. Kentucky. 

MISCELLANEOUS 

AUTHORS! Learn how to have your book published. 
promoted. distributed. FREE booklet "ZD," Vantage, 
120 West 31 S!.. New York I 
GET Repeat Business! Use 2 -color adhesive advertising 
labels on your products and installations. Free Samples! 
Bestmart, Box 12303-B, Cincinnati 12, Ohio. 
HYPNOTIZE Unnoticed. quickly, effortlessly, or re- 
fund! Thousands satisfied! $2, Timner, Box 244, Cedar - 

burg, Wisc. 

SEND ELECTRONICS WORLD 

EVERY 

MONTH 

name 

address 

11Kr111114A1llf1l1. 
111M ,...1r, _ _,_ 
MUM. 
.11111. AMOS 

Is><... Yf-. l 

city zone 

state 

Check one: 3 years for $12 

2 years for $9 1 year for $5 
In the U.S., and possessions. 

Payment enclosed Bill me 

Foreign rates: Canada and Pan American 
Union countries, add .50 per year; all 
other foreign countries, add $1 .00 
per year. 

New Renewal 

Mail to: ELECTRONICS WORLD 

Dept. 6851, 434 S. Wabash Ave. 

Chicago 5, III. 

Printed in U.S.A. 
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137 Grommes Div. of 145 Sony Corp. of America 101 

Precision Electronics 6 146 Sprague Products Company 21 

147 Standard Kollsman Industries, Inc. 
122 Hollicrafters 97 

THIRD COVER 
123 Heath Company 60, 61 

162 Switchcraft, Inc. 94 
Henshaw Radio Supply 101 

Institute of Electrical and Texas Crystals 80 

Electronics Engineers .... 67, 81, 93 Tri-State College 80 

Indiana Institute of Technology .. 97 148 Turner Microphone Company, The 109 

151 Jensen Manufacturing Company .. 76 149 Utica Communications, Inc. 68 

164 University Loudspeakers 59 
124 Key Electronics 102 

Kuhn Electronics 97 Valparaiso Technical Institute .... 64 

125 Lafayette Radio Electronics 
86, 87, 86 89 Western Radio 108 

126 Lompkin Laboratories, Inc. 70 150 Winegard Antenna Systems 19 
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Standard Made It... 

STANDARD CAN FIX IT BEST 

ou 
Service on All STANDARD Tuners Lates 

Testing Techniques Assure Proper Alignment 
$3.00 Defective Tuner Trade -in Allowanc 

Against a New STANDARD Replacement Tune 
Carrying a 12 MONTH GUARANTE 

STANDARD has maintained uniform 
mounting centers for the last 13 years. 
Over 50c; of the TV sets in existence today 
have STANDARD tuners -in the case of 
most other tuners one of the 8 STANDARD 
replacement models can be easily adapted 
or will fit directly in place of these units. 
All STANDARD replacement tuners 
carry a 12 Month Guarantee. 

SEE YOUR AUTHORIZED 
STANDARD DISTRIBUTOR 

MORE PROFIT FOR THE SERVICE DEALER GREATER CUSTOMER SATISFACTION 
GUARANTEED BY THE WORLD'S LARGEST TV TUNER MANUFACTURER 

standard ko1/sman INDUSTRIES INC. 
FORMERLY STANDARD COIL PRODUCTS CO., INC., MELROSE PARK, ILLINOIS 

CIRCLE NO 147 ON READER SERVICE CARD 
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An important message to electronic technicians ... 

RCA invites you to 

PUT YOURSELF IN THE COLOR PICTURE 
Color television today is a 300- million -dollar -a- 
year business -and the fastest growing segment 
of the home entertainment industry. 

Color TV programming is at an all -time high. 
If you still limit yourself to black- and -white 
servicing, you put yourself in the same position 
as the village blacksmith who considered auto- 
mobiles a fad. 

Leading manufacturers are now turning out 
color TV sets with the color picture tube devel- 
oped by RCA. Servicing these sets means big and 
highly profitable business, but it requires special 
skills, knowledge, equipment and parts. What 
are you doing to take advantage of this great 
new business opportunity? 

To the public, color TV means RCA! It was 
RCA who conceived and pioneered the compati- 
ble color system in universal use. 

How can you climb on the color bandwagon? 
Associate your business strongly with the pres- 
tige and customer acceptance of the recognized 
pioneer of color TV. See your authorized RCA 
distributor; stock and advertise RCA tubes and 
associated products for color. Isn't it time you 
started seeing yourself in color? 

RCA ELECTRON TUBE DIVISION, HARRISON, N.J. 

THE MOST TRUSTED NAME IN TELEVISION 

1 
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